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TExIINIcALsuMMARY 
Experiments were conducted to determine effects of Daytime Running Light (DRL) design 

parameters on the perceptual performance of human observers in areas including peripheral detection 
of an oncoming vehicle under daylight conditions, detection of cpzating turn signals in the presence 
of a masking DRL and assessment of discomfort glare produced by DRL under twilight conditions. 

w - Data from accident rate field tests have suggested that the use of DRL on vehicles 
may have potential for reduction of collision likelihood and severity. Legislation requiring the use of 
DRL has been passed in European countries, including Sweden and Finland, and will go into effect 
in Canada in 1989. With regard to the possible introduction of DRL in the United States, a number 
of research and design issues have arisen. These involve effects of design parameters on vehicle 
conspicuity under daylight condition including central lamp intensity;-beam distribution, lamp area, 
lamp color, number of lamps, lamp background, etc. It has been suggested that a DRL lamp which 
will be effective in the U.S. may require greater intensity than that of lamps found to be effective in 
the Northern European countries, in which DRL was‘first introduced, because of the higher 
prevailing levels of ambient illumination in the U.S. 

Assuming that increased lamp intensity will produce a greater enhancement of vehicle conspicuity 
under daylight conditions, a second set of questions has arisen which involves possible 
counter-productive effects of arbitrarily high DRL intensity levels. Factors which have been 
suggested as possibly limiting DRL intensity include masking of non-equipped vehicles, production 
of discomfort glare under dawn/dusk conditions and masking of’turn signals if the DRL lamps are 
located in proximity to these. Requirements for limitations on DRL intensity arising from these 
considerations have been of particular interest to the Canadian government in putting forth a DRL 
specification. 

The above research issues have arisen, in part, because of interest in the relative effectiveness (in 
terms of both daytime conspicuity and glare/masking) of specific modes of DRL implementation. 
These include use of high beam headlamps (usually with intensity reduction), low-beam headlamps, 
turn signals in a normally-on configuration, parking lamps and dedicated DRL lamps. The objective 
of the research reported here was to conduct a series of empirical investigations of the effects of DRL 
design parameters on vehicle detection distance under daytime illumination, turn signal masking, and 
rearview mirror discomfort glare under twilight conditions. Three experiments were performed to 
assess effects of selectedDRL design parameters on the above areas of driver perceptual behavior. 

Veh& Detection u - The distance at detection of a vehicle approaching at a 15 degree 
peripheral angle was deter&i&d under day&ne ambient illumination conditions for selected treatment 
combinations of the following independent variables: 
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l DRL intensity at H-V - 0,250,500,1000 or 2000 candela 
l DFUampama - 50, 100 or 200 sq. cm. 
l DRLseparation - dual separated versus single center-mounted 
l DRL lamp color - clear versus amber 
l background contrast - white versus black background 

Subjects sat at a 15 degree angle to a roadway and faced a primary task display. They were 
instructed to attend to the primary task The test vehicle approached at 25 mph along the roadway. A 
subject responded upon detecting the vehicle in peripheral vision by pressing a hand-held switch 
which transmitted a signal to distance measurement equipment in the test vehicle. Detection distance 
was determined from this system and ambient ilhrmination was measured at the end of each trial using 
a photometer. The data were subjected to regression analysis and analysis of covariance. The 
regression analysis showed that detection distance mcreased significantly with DRL intensity. The 

. mean improvement in detection distance was approximately 8O.feet when the grand mean at the 2000 
cd intensity level was compared with that for no DRL (0 cd.). For higher levels of ambient 
illumination (greater than the observed mean of 41912 lux), DRL intensities below 500 cd. had little 
effect on detection distance. 

An analysis of covariance, with the effect of ambient illumination removed statistically, showed 
that detection distance improved significantly as a function of DRL intensity and separation, with the 
dual configuration being detected an average of 27 feet farther than the single center-mounted DRL. 
Amber DRL lamps were detected at greater distances than were clear ones for lamps having areas 
from 50 to 100 sq. cm. This trend was reversed for 200 sq. cm lamps. Background contrast 
produced significant interactions with DRL, color and separation. 

. . . #- Lamps representing turn signals were mounted adjacent to 
dual, separated DRL lamps. Probability of correct turn signal detection was determined under 
daytime ambient illumination conditions for treatment combinations of the following independent 
variables: 

l DRL, intensity at H-V - 500,lOOO or 2000 candela 
l DRLlampama - 50, 100 or 200 sq. cm. 
l DRTJampcolor - clear versus amber 
. viewing distance - 250 versus 500 feet 

Subjects viewed the test vehicle from a distance and report& the direction of the turn signal which 
was activated. Ambient illumination was measured during each trial using a photometer. The data 
were subjected to regression analysis and analysis of covariance with the effect of ambient 
illumination removed statistically. 



The regression analysis showed that the probability of conect detection decreased significantly 
with increasing DRL lamp area and viewing distance. DRL intensity was not found to exert a 
significant main effect. Significant interactions were found involving DRL area, color, intensity and 

dktance. In general, for dear DRL lamps, probability of correct detection showed decrements due to 
increasing DRL area, intensity and viewing distance while more complex interactive effects were 
noted for amber lamps. 

. . . 
iew Mnror Gw - For the range of DRL intensities under study, glare under 

dawn/dusk conditions for the oncoming vehicle case were not anticipated to be a problem. A worst 
case, however, was expected to result from rearview mirror glare produced by a following vehicle 
due to the minimal distance and horizontal angle which could prevail. Rearview mirr& glare was 
evaluated under twilight ambient illumination conditions for treatment combinations of the following 
independent variables: 

l DRL, intensity at H-V - 500,lOOO or 2000 candela 
l DRLlampatea - 50,100 or 200 sq. cm. 
* DRLseparation - dual separated versus single center-mounted 
l DRL lamp color - clear versus amber 

The subject was seated at the driver position in a test vehicle. The DRL lamps were mounted 20 feet 
behind the rear of the vehicle at the same vertical height as the rearview mirror and the driver’s eye. 
Subjects observed the rearview mirror and responded using a 9 point scale of judged discomfort 
glare. They also indicated whether or not they would flip the mirror to the reduced intensity position 
if they were driving the vehicle. Trials were run during the period from one-half hour before to one 
half-hour after sunset, Ambient illumination was measured during each trial using a photometer. The 
rating data were subjected to regression analysis which showed no significant effect of ambient 
ilhnnination. Therefore, analysis of variance was performed on the rating data without adjustment for 
ambient illumination. The main effects of DRL intensity and area were found to be statistically 
significant. 

Probability of mirror dimming response was found to be significantly influenced by ambient 
illumination, so analysis of covariance was performed with the effect of ambient illumination 
removed statistically. The main effect of DRL intensity was found to be statistically significant and to 
consist of a regular increase in probability of dimming response from .13 at a DRL, intensity df 500 
cd. to .80 at 2000 cd. 

and Recoe - The recommended central DRL intensity based on the 
vehicle detection data was 2000 cd. Beam pattern was not manipulated explicitly as an independent 
variable because the effect of seeing a particular lamp at a particular angle off of the lamp axis is 
simply a reduction in apparent intensity, and intensity was an experimental variable. The utility of 
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luminous output at a given horizontal or vertical angle from H-V clearly depends on the likelihood 
that the driver of a conflicting vehicle will see the lamp from that position. The report authors had 
previously done work, which was reported elsewhere, on figures of merit for luminous output at 
various angles. This took the form of calculations of metrics which depended on roadway geometry 
constraints and assumptions about vehicle conflicts to pxcduce measures of relative utility for a range 
of angles in the horizontal plane. The figure of merit function was found to have a maximum at 10 
degrees left of H-V, so it was recommended that a DRL lamp should have the maximum intensity of 
2000 cd. at this angle and that the target intensity for a given horizontal angle should be the product of 
the figure of merit for that angle and the maximum intensity of 2000 cd 
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1.0 INTRODUCI'ION 
A number of tests and analyses have suggested that the use of daytime running lights @Rk) 

,. 
cm substantially reduce multiple vehicle accident rates. Evidence for this assertion has arisen from 
two types ofexperimental approaches. Accident rate field tests have generally involved comparison 
of accident rates for vehicles with and without DRL. DRL design studies have been performed to 
assess conspicuity or detectability of DRL lamps as a function of design features such as central 
intensity, intensity distribution, lamp area, lamp color, etc. The results of DRL tests and analyses 
have led Finland and Sweden to enact national laws requiring DRL,,and the Cant government 
has proposed a similar law. The potential benefit of DRL in the U.S. traffic system is currently of 
interest to the U.S. Department of Transportation National HighwayTraffie Safetj;;A&r&&ration 
(NHTSA). This paper +sents the,resuIts of a series of experiments on DRL detectability, glare 
and turn signal masking. The objective t lf these experiments was to provide data on the effects of 
several DRL design parameters. . .._ 

A central issue in the ‘deveiopment of an effective DRL concept is that of lami>inte&y and its 
angular distribution horizontally and vertically. A number of au&&s; including Attwood(l981) 
and Rumar (1981), have argued that the mechanisrn by which any DRL safeq benefit will come 
about is enhancement of performance in peripheral detection of vehicles by drivers. Luminous 
intensity is the primary design parameter dete rmining the visual effectiveness of a DRL. For a DRL 
to perform its function of enhancing vehicle conspicuity, an adequate level of intensity is required 
in the direction along the lii%of’regai&of the -driver of another vehicle. It can be argued that a DRL 
intensity increment will always produce a conspicuity and detection performance increment. The 
shape of the curve may be such that beyond some point further intensity increments produce 
diminishing returns, so that the benefit is not worth the energy cost. There are other 
considerations, however, which suggest that a DRL upper intensity limit should be specified. 
These involve glare and, perhaps, masking of other relevant stimuli due to veiling luminance 
produced by DRL if these are set to too high an intensity. 

Two resrzch questions have arisen in connection with DRL design and development. One 
involves the degree to which conspicuity in full daylight ;varies as a function of DRL output 
intensity and other design parameters such as lamp area, color, etc. The other general question 
involves the DRL intensity level at which glare and masking will become problems under lower 
ambient illumination levels. Hypothetical relationships are shown in Figure l- 1. 

It is presumed that conspicuity under daylight conditions increases in a negatively accelerated 
fashion with intensity. This is.shown as the micuitv curve in Figure l-l. Under low ambient 
illumination such as dawn/dusk, it has ‘been shown that high intensity levels of DRL may cause 
masking of critical stimuli such as vehicles without DRL and vehicle tum signals. At some level of 
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Figure 1-I. Hypothetical Relationship Between DRL 
Imtensiiy, Conspfcuity and Glare/Masking 

DRL intensity and some sticiently low ambient illumination level, DRL. lamps will become glare 
source-s, as seen by oncoming drivers. This is represented as a positively accelerated g&gg&psking 
curve in Figure l-l. Figure l-l suggests that selection of a suitable DRL intensity level will require 
a trade-off balancing DRL as a conspicuity treatment under high ambient illumi.nation against DRI, 
as a glare/masking source under low ambient illumination. The intensity increment A resuhs in a 
considerable increment in conspicuity but little increase in glare/masking. Increment A would 
probably be judl ,ed to be worthwhile. Intensity increment B, however, would probably be a poor 
choice, because in this region conspicuity is increasing very slowly while a large increase in 
glare/masking would result from addition of increment B to DRL intensity. While it may n6t be 
possible to obta n real data in the. handy form shown in Figure l- 1, the logic of a trade-off between 
DRL, conspicuir y under high illumination and glare/mashing under low illumination is certainly 
important in the definition of an effective DRL concept. 
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2.0 ACCIDENTRATEFlELDTES'IS : 

0 

Field tests involve comparison of the daytime accident rate of a group of vehicles quippecl 
with some version of DRL with that of a similar group of vehicles not having DRL; ‘In some cases, 
all vehicles in a given sample have been equipped with DRL at a certain point in t&e and the 
experimental accident rate was determined during a period of time following installation. ~hc 
control accident rate was then determined from a like period of time prior to installation. This 
general approach has been termed a b&&& test. In interpreting data from such a test, it is 
always possible that an observed accident rate reduction is due to extraneous non-DRL factors .)a 
confounded with the pre-DRL and post-DRL time @eriods. These could include changes in 
weather, changes in vehicle density, changes in driving practices, etc. The preferred type of tesd 
uses a vehicle sample which is split into two matched groups. One of these is equipped with DRL 
and constitutes the experimental group. The other is not so quipped and constitutes the control 
group. This approach has been termed a B tst. Assuming that location, vehicle 
type and driver factor distributions are matched in the two groups, any observed differences in 
accident rate betwt&i groups can then be &rib&d to the operation of DRL. ,The concurrent 
groups approach is generally preferred on experimental design grounds because’it’provides control- 
of extraneous variables which might other&se pr&uce spurious results. 

,_, ,’ ., 

Results of a number of DRL field, tests are summarized in Table 2- 1. These studies have been 
reviewed by Attwood (1981), with the exception of the Insurance Institute for Highway Safety 
(IRIS) test (Stein, 1985). The IBIS study used approximately 2000 DRL equipped automobiles, 
trucks and vans and compared the accident rate of these with a similar number of control vehicles. 
The DRL configuration used was vehicle parking lights with special bulbs ‘having a 15 candela 
(cd.) minor filament, For all vehicles in the test, a seven percent reduction in daytime accident rate 
resulted from the use of DRL. 

The overall pattern of results in Table 2- 1 shows a considerable range of effects of DRL. For 
automobiles and trucks, the accident rate reduction figure of seven percent was found in several ,,. 
studies. Reduction percentages in other studies ranged considerably above this. The degree of 
reduction.due to DRL appears to be roughly associated with DRL intensity. The IIHS study and 
the Swedish before/after study both reported a seven percent accident reduction. The lighting 
configurations in the latter were highly variable including auxiliary DRL lamps in the range of 300 - 
800 cd. which were required on vehicles manufactured after the law went into effect, headlamps 
and city lamps which have an intermediate output, The IIHS study ‘used increased intensity parking 
lamps which generally fell into an intensity range somewhat lower than that of the the Swedish 
DRL standard. For many of the studies listed in Table 2-l in which headlights were used as DRL, 
somewhat greater accident rate reductions can be noted. There is some suggestion of an increasing 

.” “-’ :;.:s* (,.. ,.,,;-; I’._ ,, A’\,_ “_ ,. 

3 



Table 2-l. Summary of Daytime Running Light Field Tests 

P 

Source 
Vehicle 

Type 
D-RL 

Configuration 

Approximate Accident 
Test DRL Rate 

Approach l~t~~~~ty (cd.) Effect 

Greyhound Bus 
tines (1960s) 

Buses Headlights Before/After 
6,000 - 15,000 12 - 24 % reduction 

AT & T Long Lines 
(1972) 

Automobiles/ 
Trucks 

Headiights Before/After 
6,000 - 15,000 33 - 44 % reduction 

Checker and Yellow 
Cab Companies 

Automobiles 

North Caroiina 
Motorcycle 
Headlight Law 
(1977) 

Motorcycles 

Port of NewYork 
Authority (1965) 

Automobiles/ 
Trucks 

Headlights 

Headlights 

Concurrent 
Groups 

Before/After 

6,000 - 15,000 

6,000 - 15,000 

Parking Lights Concurrent 
Groups 

20-50 

Transport 
Canada (1977) 

Automobiles/ 
Trucks 

Headlights 

7 % reduction 

5 % reduction 

18 - 23 % reduction 

Concurrent 
Groups 

6,000 - 15,000 22 % reduction 

Swedish DRL Law 
(1975-1979) 

Insurance Institute 
for Highway Safety 
(1982-1984) 

All Vehicles 

Automobiles/ 
Trucks 

HeacSlights or 
Auxiiiary DRL 

Parking Lights 

Before/After 

Concurrent 
Groups 

300 - 15,000 

60 - 360 

7 % reduction 

7 % reduction 



DRL effect with lamp center intensity. 
The.exception to this trend is ,the Port of New yorlc Authority study (Cantilli, 1970). In this 

study, the DRL configuration was standard parking lights which generally involved rated spherical 
intensities on the order of 3-6 cd. ,and center intensities at H-V on the order of 20-50 cd Y > ,.c..I‘,. ‘.x?- “.a ,‘r~&,,,<‘.<j ,“. ~_*_‘_d, ~)-* PIuu’“.* “.i,‘..r.. jj .%A II .i,- h WI._, _,..,, L Despite, _.” xI 
the low intensity range, accident rate reductions of 18-23 percent were reported. It should be noted 
that rear parking lamps were on during daytime in this study and the analysis used rear-end 
accidents as one of the accident types analyzed. when rear-end accidents were excluded then ,the 
lower reduction flgum (approximately 18 percent) vv~ obtained. 

Perhaps the most interesting characteristic of the Table 2-1 data is that all DR& accident.rate 
field tests conducted to datehave shown a positive effect. ,_ ,““-*.“_ sI.:^ In all cases, use of DRL has been found 
to result in apparent accident reduction. In most of the studies summarized in Table 2-1, either 
statistical analyses were not perforrred or ,the results failed to reach statistical significance, 
Attwood’s (1981) argument in this regard is well taken. ISe, noted thatifthere is, in fact, no benefit 
of DRL in the general population, then multiple field tests shouki show about as m.any negative 
results as positive ones. The fact, that all. lcnov+ ++diea,have, produced positive results suggests 
that the accident reduc,tion,m the population due to DRL is not zero, and probably lies in the range 
from ,lFIS percent. The types of collision accidents which appear to be influenced by DRL 
include head-on and conflicting path (right angle) accidents on main highways. These are often 
severe in terms of injury and damage. Indeed Cantill.i’s (1970) analysis suggested that when 
accidents were graded for sevkity, using a point scheme based on insurance practice, the reduction 
in severity due to DIU was considerably greater than that for accident rate alone. 

I  
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3.0 DRL DESIGN ISSUES AND DESIGN STUDIES 
i- 

: 
Accident rate field studies, as discussed above, provide ‘the main evidence that DR..L can 

favorably influence accident rates.’ It has generally been. argued that DRL can result in improved 
detection of vehicles in peripheral visio I by drivers (&wood, 1981; Rumar,’ 1981). Among other 
perceptual and cognitive skills, safe driving clearly depends on visual search for, and detection of, 
approaching vet icles. Accurate object recognition; estimation of vehicle path, estimation of vehicle 
rate, etc., requ re visually perceived information which is only available from fovea1 vision. 
Neisser (1967) and others have shown that during search, preattentive mechanisms,‘operatin~ on 
.inputs from peripheral receptors, guide ‘eye fixations oii’objects in the visual field. . Peat&es of 
objects viewed in the periphery, which enharice‘conspicuity and ‘iikelihb;;jd ‘of iatc?fiiat.ion on the 
object, include background contrast, visual angle subtended; shape and motionor change.’ It is 
presumed, therefore, that DRL’can enhance the contrast of a vehicle appearing at a distance in 
daylight and increase its conspicuit);: in peripheral&ion thus increasing the likelihood of early 

- ,. .I . detection and the application of foveai vision. ‘The above considerations suggest that the greater the 
intensitjl of DE;‘the.better in’;terms’ of &tection in daylight. This assertion is probably correct, but 
there are other comsiderations which suggest that an upper limit on DRL intensity should &so 
receive research attention and should be selected based on data. &sult.s of some &dies’ of DRL 
design issues are discussed below. 
3.1# I 

Five general DRL coiifigurations haveb&%proposedz 
l Headlight high beams’ 
l Headlight low beams 
l Turnsignals 
l Parking lamps 
. DedicatedDRLlamps. 

3.1.1 Headlights as DRL 
Standard vehicle headlamps in either the low or high beam mode have been proposed as DRL. 

Headlamp low beams provide central intensities up to 20,000 cd. and high beams may provide over 
60,000 cd. These lamps are rea@y detected in daylight - at least when the vehicle is viewed 
head-on. One argument against standard headlamps as DRL is based on fuel ccc nomy. The 
energy consumed by DRL lamps will be reflected in increased fuel consumption. Te;igue, Rohter, 
Gau, Walcely and Viergutz (1980) have examined costs associated with introduction of full-time 
use of headlights as DRL in the U.S. These authors pointed out that as vehicles are currently 
wired, simply turning on the headlights during daytime would result in operation of not just the 
headlights, but also the parking lights. The electrical load of the entire parking lamp system, 
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includir,g parking lamps, side lamps, ir strument lamps and associated wiring, is nearly as great as 
that of I aw-beam headlights. Some d.own-sized automobiles were identified which have alternators 
sized assuming that the headlights are used only at night. Full-time operation of head:ights along 
with wintertime use of heaters and defrosters, or summertime use of air conditioning would result 
in a long term decline in battery state of charge. The relative abundance of automobiles in this’ 
category was small at the time of the Teague et. al. (1980) study but has probably increased in the 
intervening period, with the current emphasis on fuel economy. / 

The Teague et. al. analysis points out an important consideration in that it is not desirable from 
the standpoint of fuel consumption to implement DRL at an arbitrarily high intensity level - 
particularly if substantial accident rate reduction can be achieved at lower intensity levels. 
Therefore, the conspicuity enhancement available from DRL at output intensities considerably 
below that of headlights should‘be evaluated. kttwood (1981) has argued that an ideal DRL lamp 
would probably require an intensity no greater than 1000 cd. This recommendation arose from 
consideration of glare during dawn/dusk, maskini of unequipped vehicles during dawn/dusk and 
cost/bene~t ‘analyses of DRz, &&/‘tioi .&*+ *6a..?$ 3; ~ig8~j,’ “i **:__ ‘. . _ 0. 

Cost factors favor hi&h beam DRL over low, beam when lamp replacement costs’ ‘are 
considered. This is because ‘a lamp must be replaced when either filament fails. High beams are 
rarely used by most drivers, so lamp replacement is usually brought about by lo; beam filament 
failure. Use of low beams in daylight would drastically increase the replacement rate, while high 
beam DRL would simply achieve greater utilization of high beam filamerits. However, glare 
experienced by oncoming drivers is a potent objection to use of full intensityupper beams as DRL.. 
These might be acceptable under high ambient lighting conditions but would proba ;ly produce 

_. 

glare under dawn/dusk conditions. Presumably, vehicles would be wired so that high beams 
would automatically be turned turned on when the engine is running and the headlight switch is : 
turned off. Turning on the headlight switch would give the driver normal low/high beam control. 
It is often argued, however, that drivers would forget to turn the headlights on (and high beam , ,.. --I I ,+ ‘, ‘ ~ 
DR.L off) at the approach of sunset and would wind up driving in twilight or dark on high beams. 

It has often been suggested that high beams could be operated as DRL, using a dropping 
resistor or other component to reduce central intensity to something on the order of 5,000 cd. This 
would solve the glare objection and would extend high beam filament life. It might or might not 
reduce the energy costs associated with headlights as DRL, depending on details of the 
implementation 

Lamp beam pattern is another design parameter which would be specified in an effective DRL 
concept, In addition to the issue of energy consumption, vehicle headlights are not very effective in 
directing the illumination emitted. This is because headlights are subject to specific Federal design 
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requirements which ensure that they perform their main function - that of illuminat+g the roadway 

at night. High beams emit a very narrow cone of illumination centrally, and intensity drops off 
rapidly outside of this cone. Low beams have a wider beam pattern, but this is aimed down and to 
the right so as to reduce glare experienced by oncoming divers. An ideal DRL, lamp, on &he other 
hand, would have a wide horizontal beam pattern so as to provide conspicuity enhancement over a 
wide range of angles. Therefore, headlights do not appear to provide an optimum beam pattern for 
the role of DICE. 
3.1.2 Turn Sigmk as DRL 

Turn signals could be used as DRL with a wiring change so that front turn signal filaments 
would be normally on when the engine is running. Operation of the turn signal control would 
cause the lamp on the selected side to operate as a turn signal. The characteristic intemity at H-V of 
turn signals is on the order of ,500 to 600 cd. Turn signal reflectors are generally designed to yieId 
a fairly wide beam pattern and this concept would represent an improvement in light e 
over headlamps. There is a question as to whether characteristic turn signal intensity is sufficient to 
serve the DRL function or whether this would have to be increased. Turn signal assemblies on 
many current vehicles are made of ljlastic and would not even stand continuous operation of turn 
signal filaments at current intensities. Modifications to turn signal housings, and perhaps use of 
higher intensity filaments, would be required in addition to wiring changes for turn signals to serve 
as DRL. Consideration of turn signals as DRL has raised the question of whether amber or clear 
lamps am more effective in enhancing vehicle conspicuity. 
3.13 Parking Lamps as DRL 

Existing vehicle parking lamps appear able to provide an accident reduction effect when used as 
DRL, based on the Cantilli (1970) and Stein (1985) studies. Many vehicles have combined turn 
signal and parking light functions, using a dual filament bulb in a single housing, so considerations 
relevant to turn signals generally apply to parking lamps as well. The main question is intensity in 
relation to conspicuity and accident reduction benefit. This question was addressed in the’IIHS 
field test reported by Stein (1985) and special bulbs having a major filament rated intensity of 32 
cd. and minor filament intensity of 15 cd. were used to increase the output for DFZ purposes. 
Assuming that the current approach of a combined turn signal and parking lamp is retained, the turn 
signal filament must have a sufficiently high output so that the flash is visible with the parking 
filament on. This means that use of the minor filament as a DRL would require even higher 
intensities for the turn signal filament, so the question of heat rejection by the housing is an issue as 
regards use of parking lights as DRL. For the current turn signal and parking lamp housing to 
perform DRL functions too, the unit would probably have to be redesigned. 
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3.1.4 Dedhted DRL Lamps 
The most frequent criticism levied against dedicated DRL concepts is cost. Approaches using 

standard vehicle lamps as DRL have generally been motivated by a desire to reduce cost by using 
existing lamps. Considerations relative to existing lamp approaches discussed previously, 
however, have suggested that costs will be incurred for wiring changes, modified lamp Housings, 
resistors, etc. if these other approaches arc pursued. The real question is whether the cost of 
implementing vehicles with DRL is returned in conspicuity and benefits of reduction in accident 
rates. Since a dedicated DRL unit would,be a single purpose conspicuity device, ts physical 
properties could be designed to maximize conspicuity. It has been suggested that an ideal DRL 
might be similar in design to the fog lamps or ‘driving” lamps which are offered as OEM items on 
some automobiles and are available as after-market accessories. 

. . . . . 3.2 f 
The primary issue in selecting an effective DRL concept involves the luminous intensity level to 

be specified so that enh&cement of conspicuity of equipped vehicles occurs under full daylight. 
This issue involves both center intensity and angular distribution of intensity due to the design of 
the lamp reflector. Other factors in DRL &sign which may also influence daytime conspicuity are 
color, lamp area, lamp background and number of lamps. 
3.2.1 DRL Luminous Intensity 

The issue of DRL, characteristic center luminous intensity is a fundamental one. Automotive 
lamps are usually characterized by the intensity in cd at the center c>f the lens or at the H-k point, I 
which is basically “straight ahead” as the lamp is mounted in the vehicle. No research effort to date 
has conclusively demonstrated a specific relationship between DRL intensity and accident rate 
reduction. A number of experiments and tests have, however, been carried out which indicate how 
central intensity influences conspicuity and detection. 

Horberg and Rumar (1979) reported an investigation of peripheral vehicle detection 
performance in which lower intensity DRL lamps having outputs from 50 to 400 cd. were 
compared with a no-DRL control condition and with high beams having 60,000 cd. under ambient 
lighting conditions of 3,000 to 6,000 lux. Peripheral viewing angles of 30 and 60 degrees were 
investigated. DRL intensities of 50 and 150 cd. resulted in detection distances which were 
essentially equal to those for the control condition. Increases in detection distance were noted for 
DRL lamps having 400 cd and much greater increases were associated with high beams. A similar 
set of tests was conducted under twilight conditions from about 100 to 2000 6ux. It wgs found that 
below ambient illumination levels of about 700 - 800 lux, DRI, lamps having intensities from 100 
to 300 cd. produced similar detection &stance increments. Above this ambient level, detection 
distances for 100 to 300 cd. DRL lamps did not differ from those for the control condition. 
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Rumar (1981) has discussed the influence of these studies on the definition of the Swedish 
Standard SS 3110 (Road Vehicles: Special Running Lights). The minimum intensity allowed at 
H-V is 300 cd. and the maximum is 800 cd. These values wcrc selected to place the intensity levels 
in the range where the Horberg and Rumar (1979) data showed a conspicuity benefit, but to avoid 
,.wilight or nightime glare problems. The DRL intensity in Sweden is considered effective under 
lower ambient light levels, but may be less so in broad daylight. Increasing the center intensity to 
1000 - 1500 cd. and prohibiting use during dawn/dusk has been considered in Sweden and 
Finland, but has not been implemented due to concem,about glare @mar, 1985). 

Spinion concerning DRL intensity in the U.S and in Canada has often held that conspicuity 
increases asso&& with intensities above the Swedish standard of 300 - 800 cd. may be desirable, 
although there has been concern about discomfort glare too. The Lighting Committee of the 
Society of Altomotive Engineers has established a DRL Task Force which has conducted a number 
of investigations of subjective evaluations of DRL effectiveness by observers. Moore (1985a) has 
reported a test in which observers centrally viewed a stationary DRL equip@ vehicle at distances i i 
ranging from 0.2 to 1.0 mile and indicated whether ‘or not they could clearly ‘see the. car and ‘, 
&termine its direction of travel, and whether or not they could clearly see the DRLlamp which was 
a UF headlamp with the upper beam set to one of several intensities, The dependent measure was 
the percent of observers who reported being able to see the car and the direction of travel. With no 
DRL or with the DRL lamp producing 200 cd. at H-V, this percentage declined regularly with 
distance from 0.2 to 1.0 mile. With DRL intensity set at 5000 cd., response percentage remained at 
100 out to one mile. A DRL intensity of 1500 cd. produced a response percentage of 100 percent 
out to 0.5 mile and declined to about 84 percent at one mile. The &sults f& DRL intensity of 600 
cd. showed 100 percent response out to 0.3 mile and then declined regularly to the control level at 
one mile. The intergretation of these results depends on how necessary detection beyond 0.3 mile 
is to safe driving. If one were prepared to argue that vehicle detection beyond 0.3 mile (1584 feet) 
exceeds the distance necessary, then these data would suggest that for central detection of an 
oncoming vehicle, 600 cd. may be adequate and 1500 cd. almost certainly is. 

In a second SAE test of DRLconspicuity (Moore, 1985b) observers viewed a DIGequipped 
test car located at peripheral angles ranging from 45 to 83 degrees and distances from 100 to 800 
feet, They were instructed to turn to look at the test vehicle and then report the judged effectiveness 
of the lamps as DRL. DRL intensities of 200,600 and 1500 cd. were used. At each distance the 
lamps were rotated so that the observers were “in the beam pattern”. The dependent measure was 
the percent of 24 observers who judged a particular DRL lamp to be an effective signal. For the 
1500 cd. condition, 90 to 100 percent of observers judged the lamps to be effective, depending on 
viewing distance. This was also true of the 600 cd. lamp at distances of 100 and 800 feet. At 
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intermediate distances of 300 and 500 feet, the 600 cd. DRL was judged effective by only 60 to 70 
percent of observers. The 200 cd. lamps were judged not effective by a majority of observers at 
any distance. 

This test was replicated using a second set of observers (Moore, 198%). The I.500 cd. lamps 
were judged effective by’80 to 90 percent of observers at 100 feet, but this declin d to 35 to 45 
percent at 800 feet. The 200 and 600 cd. lamps were judged not effective by a majority of 
observers at all distances. In a third replication under twilight iilumination conditions from one half 
hour before sunset until sunset, a considerable’ increase was, noted in the percent of observers 
judging lamps to be an effective signal, This was true for all distances and DRL intensities. 
(Moore, 198%). This finding is consistent with that of Horberg and Rumar (1979) that the 
conspicuity of a given DRL intensity level depends strongly on the ambient i&nnination. Thcl 
greater the ambient light level, the greater the required DRL intensity for a given degree of 
conspicuity. 
3.2.2 DRL B&m Pattern 

The luminous intensity of automotive lamps is generally at a maximum at or near’the center, or 
H-V position, and drops off as the lamp is seen at an angle. This is particularly true of headlamp 
high beams which concentrate output in a central cone and drop very rapidly outside of this. Other 
lamps, such as parking lights and turn signals, which are intended to be seen from a wide range of 
angles often have a much wider beam in the horizontal axis. For a futed total luminous output, a 
wide beam can only be obtained by reducing the center intensity via design of the reflector. An ,. ._ _I 1,. 
effective DRL lamp should ‘enhauce co&pi&&“through a fairly wide forward angle, so a DRL 
concept VLil~ have to address not only central intensity but also intensity over a range of horizontal 
and vertical angles. 

The DRL beam pattern standard developed in Sweden (Swedish Standard SS 3 I IO) is based 
on the studies of Horberg and Rumar (1979) and Rumar (1980), on discc,mfort glare 
considerations :.nd on practical limitations inherent in designing reflectors. Figure 3-1 shows the 
minimum cd. requirements of the Swedish DRL standard as a function of horizontal and vertical 
angles. 

Kirkpatrick, Heasly and Bathurst (1984) developed an approach for evaluating a beam pattern 
such as that shown in FigUre 3-l. Th~s’tias basedon photometric outputs from an existing fleet of 
vehicles equipped with DRL. In developing the scheme, it was necessary to establish a single 
measure of light intensity per vehicle. This figure, termed a figure of merit (FOM), related light 
intensity at selected horizontal angles to utility in enhancing vehicle conspicuity. In developing the 
FOM, the authors specified multiple-vehicle daytime accident scenarios, exercised a vehicle 
conflict model via a series of computer simulations, and finally, using measured photometric 
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data, compiled a recommendation with respect to output beam pattern. 

Left V 
I 
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Horizontal ngle (degJ 

Figure 3-l. Minimum DRL Intensity Values (cd.) 
From Swedish DRL Stancjard SS 3110 

In one of the SAE DRL tests (Moore, 1985b) the adequacy of a high beam headlight DRL 
configuration in peripheral vision was investigated. The DRL equipped test car was located at 

distances of: 100 to 500 feet from an intersection. Observers viewed the test car at peripheral angles 

ranging from 45 to 79 degrees and reported if they could detect the onset of the DRL lamps which 
ranged in intensity from 1500 to 65,000 cd. The lamps were aimed straight ahead, not at the 
observers, so that the angle to the observers from the center of the lamp varied from 11 to 45 
degrees. At these angles, less than 10 percent of observers reported the onset of the lamp. When 
the lamps were rotated to point at the observers under the 45 degree peripheral viewing car&ion, 
60 to 82 percent of observers responded, depending on intensity. These data suggest that headlight 
high beams do not yield the most desirable DRL beam pattern because they are specifically 
designed to illuminate a narrow field ahead of the vehicle When the headlamps were turned to point 
at the observers, an appreciable detection rate was obtained, even with large peripheral viewing 
angles, When, however, the observers were outside of the central beam (1 IL degrees or greater), 
few detections were reported. 
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This test was replicated, using a second sample of observers in an e&t reported by Moore 
(198%) with two modifications. The I&& lamps were pointed directly at the observers at each 
distance, and a Type UF headlamp upper beam with an intensity at H-V of 65,00() cd. was 
compared with a special DRL lamp having a “uniform” beam distribution and intensity at H-V of 
1500 cd. Observers reported whether or not they could detect the lamp when it was turned on. 
The percent of observers reporting detection was zero at peripheral angles of 72 to 79 degrees 
regardless of lamp type. At a peripheral angle of 45 degrees, 24 percent of,observers reported 
detecting the high beam and 5 percent reported detecting the 1500 cd. lamp. Evidently, even very 
high intensity lamps are seldom detected at such large peripheral viewing angles. This Itest was 
replicated under dusk illumination conditions during the period from one .half hour before sunset to 
sunset. This resulted in increases in the percent of observers who reported detect ng the lamp 
onset. In the 45 degree peripheral angle condition, 35 percent of observers reported detecting the 
special DRL lamp and about 56 percent reported detecting the high beans 

Moore (19&a) reported an SAE test of three DRL configurations - headlight loti beam, turn 
signal and fog lamp. Observers faced a straight roadway at right angles and the DRL vehicle 
approached fio~ P either the left or right. DRL lamps were turned on at SOO’feet from the observers 
and were turned off at 250 feet. On a given trial, one configuration was turned on on the right side 
of the car and another was turned on on the left side. Observers judged which was the more 
effective. For tests conducted with all lamps adjusted to 600 cd. at H-V, the turn signal was judged 
the most effective by a majority of observers. Additional testing was conducted comparing the fog 
lamp and headlight at 1500 cd. The majority of observers judged the fog lamp to be more effective. 

This test was replicated using a second group of observers and a stationary test vehicle@&xe, 
1986b). The viewing distance was 250 or 500 feet. At both distances, a 600 cd. amber turn signal 
was judged nearly as effective as a 5000 cd. headlamp high beam. A 600 cd. clear turn signal and 
the headlamp high beam at intensities of 600 to 1500 cd. were judged to be less effective. 

A study of several DRL candidate lamps in comparison with high beam headlights was 
performed by Macintyre (1985). The lamps used were as follows: 

l type 2B rectangular halogen headlamp 
l type 1A rectangular halogen headlamp 
. amber turn signal with two 32 cd. rated bulbs and 600’cd. at H-V ^ 
l four-inch diameter truck turn signal with 50 cd. bulb and 600 cd at H-V 
l four-inch diameter truck turn signal with 50 cd. bulb and 1200 cd. at H-V 
l four-inch diameter accessory lamp with 50 cd. bulb and 1600 cd. at X-V I 
. amber fog lamp with 600 cd at H-V 

Observers sat facing 90 degrees to the path of the test vehicle which approached at 40 mph. A pair 
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of lamps was switched on (one on each side of the vehicle) at a distance of 500 feet from the 
observers and was switched off at 250 feet. The observers were directed to turn their heads to look 
at the approaching test vehicle and to indicate which of the lamps was judged more conspicuous. 
One lamp in a pair was always the type 2B high beam so that all comparisons were made with it. 
This procedure was similar to that used by Moore (1986a). The results were presented in terms of 
the intensity of the type 2B headlamp high beam necessary to produce judged conspicuity equal to 
that of the comparison lamp. The low beam headlamp at full voltage was found to be equivalent TV 
the high beam operating at 3,908 cd. The 1600 cd. accessory lamp was superior to the high beam 
operating at up to 5,000 cd. The three turn signals tested were equivalent to the high beam at 
intensities of the latter ranging from 3,100 to 4,000 cd. The fog lamp was equivalent at a high 
beam intensity of 2,600 cd. 

The studies reported by both Moore and Macintyre generally suggest that high beam headlamps 
are less effective as DRL than are other types of lamps, due to the narrow beam pattern of the 
former. To be judged as effective as turn signals, foglamps and other types of lamps, high beams 
had to be operated in the 3000 to 5000 cd. range. This level of center intensity may result in glare 
problems for drivers who view the beams centrally under low illumination conditions. 
3.2.3 DRL Luminous Area and Luminance 

In the studies discussed above, DRL lamps have been characterized by luminous intensity in 
cd. Authors have generally treated DRL lamps seen at distances at which vehicle detection is 
thought to be desirable as-point sources. In general, the effectiveness of an object as a stimulus for 
visual perception is characterized by its size, its luminance and the luminance of the background 
against which it is seen. Luminance is a characteristic of an extended source while intensity is a 
characteristic of a point source and is a measure of lumens of light energy emitted mto a sotid angle 
surrounding the point. Intensity has units such as lumens per &radian or candela. An extended 
light source consists of a lot of points each having an intensity. Therefore, luminance is a measure 
of lumens per steradian per unit area of the source. The luminance of a visual object. (reflected or 

emitted) in ratio to that of the background defines contrast which, together with object size, is 
usually taken to describe the detectability of the object. ‘This is true for objects which are extended 
or have a visually appreciated area. The legibility of printed text, for example, depends chiefly on 
the size of characters and the character to background contrast. Small objects seen from a long 
distance, however, may be taken as equivalent to point sources (a star for example). In the DRL 
literature, lamps liave characteristic dimensions of a few inches and are tested at hundreds of feet 
from observers, At the visual angles subtended, it is usually assumed that these s”imuli can be 
treated as point sources, in which case the main factors in visual effectiveness are intensity (cd.) 
and distance. In this case, the lamp may be treated as uniform in luminance across its surface and 
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the total luminance is simply the total intensity divided by the area and converted to suit&ble units. 

It is not entirely obvious, however, that this assumption is tenable for DRC studies. When 
seen from a distance of several hundred feet, the lamps in question do not seem to be dimensionless 
poinp. They appear to be extended objects. It is legitimate to ask whether lamp area has an effect 
on detectability when total intensity is held constant. If so, this fact should iniljact DRL design. 
On the other hand, if it is found that area does not influence detecfabitity when total intensity is held 
constant, then lamp intensity is the correct characteristic to use in describing conspicuity and area 
can be largely disregarded in DRL &sign. 

Horberg, and Rumar (19791, reported that peripheral detection distance was not affected 
significantly by luminous area of DRL. Lamp areas of 70 and 200 sq. cm. were compared with 
controlled intensities of 50 and 150 cd. It was total intensity rather.than area which influenced 
detection performance. 

In contrast to the above, Fisher (1974) reported that subjects who compared 178mm (7.12 
inches); 102mm (4.08 inches) and 56mm (2;24 inches) diameter lamps “...found the larger sources 
more conspicuous than the smaller, whereas they found the smaller source brighter and more 
discomforting than the larger.” Subject evaluations were judgments utilizing a se&tic differential 
scale to defme “adequate conspicuity” of lamp tkatments. 
3.2.4 Background@ontrast _ 

Dahlstedt and Rumar (1973), have demonstrated that the conspicuity value of a low beam DRL 
is equivalent, if not superior, to high color contrast between the vehicle and the background. 
Similarly, .Horberg, and Rumar (1979), in determining the effects of DRL on vehicle conspicuity in 
twilight conditions, demonstrated that effectiveness is partially a function of background 
illumination levels. In the experiments establishing detection distances for two contrast conditions 
(snow covered and dry black pavement), they presented subjects with vehicles equipged with 
varying DRL light intensities (6, 100, 200, 300 cd). The results varied as a function of the 
background condition. Under the snow condition, the four DRL intensities did not significantly 
differ with respect to detection distances above an ambient lighting of 500 lux. Below that level, 
however, detection distances increased considerably until the liniits of the facility were exceeded. 
Similarly, with the exception of the 300 cd. DRL condition, results of the blacktop experiment 
yielded insignificant differences in detection distance as a function of DRL intensity above 750 lux. 
The 300 cd. condition appeared to increasevehicle conspicuity to a larger extent around 1000 lux 
than did the remaining three light intensity conditions (0, 100,200 cd.). Additionally, the increase 
in conspicuity value afforded a vehicle by increased DRL light intensity appeared to increase more 
dramatically in the snow condit on than in the blacktop experiment, 

Blackwell (1970), in investigating contrast, found that the “contrast multiplier” changes 
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significantly as a function of age. The contrast multiplier remains approximately stable through agi: 
forty, however as age increases beyond that, so does the contrast multiplier. For example, an 
individual of age 65 would require almost three times the contrast to detect the same stimulus. 
3.2.5 DRL Color 

The issue of the optimum color for DRL in enhancing vehicle conspicuity is related to the fact 
that many vehicles today have amber running lights and turn signals. Attempts to evaluate this 
factor in relation to the headlamp concept has raised the issue. 

While not explicitly evaluating amber and clear sources, Taylor and Sumner (1945) reported * 
that, at constant distances, light colors appeared nearer than did dark colors. Specifically, subjects 
we.re requested to equate the apparent distance between a constant refcrenc e color source )and 7 
a second source (white, yellow, green, red, blue or black). The results indicated that colors with a 
brightness ;; reater than the background were perceived to be closer than they were in 
same general relationship held with colors having a brightness less than the background. 
Comparing the brightness measurements of the Munsell hue and chroma designations used in the’ 
experiment, white had a measured brightness of 75% while yellow had a brightness of 76%. If, as 
was suggested by the authors, brightness is a major factor in distance estimation, expected 
performance differences between the two colors would be minimal. The position difference 
reported between the average yellow and white placement (.34m.m) translates to an error difference 
of about .OS%. Results were achieved utilizing a fixed viewing distance of 7.5 feet in a “dark 
room”. 

Using paired comparisons of yellow and white lights at intensities of 0,50,150, and 400 cd., 
Horberg, and Rumar (1979) found no significant difference with respect to subjective conspicuity 
value. The judgements were made on vehicles faced frontally and equipped with DRL of 200 sq. 
cm. at a distance of 500 meters (1640 feet). Rumar (1980) reported a subjective preference for 
yellow over white lights with respect to conspicuity value, but found no experimental difference. 

Allen, Strickland and Adams (1967), in investigating the relative visit ihty of white, amber, _ 
green and red stimulus lights at varying intensities, reported that target detectability was a function 
of its relative brightness - not its color. + 

A number of DRL tests conducted by the Lighting Committee of the Society of Automotive 
Engineers have previously been discussed in connection with lamp intensity and intensity 
distribution. Moore (1985b) found that observer judgments of acceptability of lamps as DRL were 
influenced by intensity in the range from 200 to 1500 cd. but were not st.tongIy influenced by color 
(amber versus clear). Similar results were found by Moore (1985c). Hn contrast, using paired 
comparisons of DRL devices on the two sides of a test vehicle, Moore (1986a) found that an amber 
turn signal was judged more conspicuous than either a clear fog lamp or low beam headlamps when I 
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all lamps were controlled at 600 cd. Irl a similar test, Moore (1986b) reported that amber turn 
signals were judged more conspicuous than a clear turn signal of equal intensity. 

. . . . 3.3 m 
Glare is often classified as &&Ii.& glare which occurs at sufficiently high veiling luminance 

levels that a decrement occurs in visual performance, or discomfort glare which is int:nse enough 
to represent a noxious stimulus but not sufficient to interfere with visual perforrr mce (Perel, 
Olson, Sivak and Medlin, 1984). With sufficient intensity, DRL laml5s may cause masking of 
unequipped oncoming vehicles or may mask turn signals if these and the DRL lamps are mounted 
close together. These constitute examples of disability glare because critical visual tasks are 
impeded. DRL lamps of sufficient intensity and proximity may also cause discomfort glare. This 
is a concern with regard to high beam headlights. 
33.1 Discomfort Glare 

In summarizing the literatum with respect to vehicle lighting concerns, Fisher (1974) reviewed 
research conducted by Jehu (1965) and by the Netherlands Institute for Road Safety Research 
(SWOV, 1969) in which both sources proposed a town beam with a light intensity between marker 
lights and dipped headlights. The objective was to develop an improved vehicle marker light which 
minimized discomfort glare. Specific::lly, they recommended a lamp having l/10 the intensity of 
dipped headlights for use in urban or built-up regions. Additionally, Fisher (1979) reported work 
conducted by Fisher and Hall (1970) in which they evaluated the proposed town beam in simulated 
traffic conditions. In assessing preference for the town lamp (as compared to a dipped headlamp), 
they reported a statistically significant difference. However, this preference’“appeared to be based 
on considerations of comfort rather than visibility.” Fisher (1970) stressed that I’.. . headlamp 
performance is susceptible to production tolerances, aiming and loading of vehicle’ I’. Hignett 
(1970) demonstrated that, due to suspension design, a car carrying its &sign load c afl produce 
unacceptable glare. Therefore; glare and discomfort are not simply a function of hmp design, 
intensity and beam distribution. Si miIarly, with respect to quartz halogen lights and lam& that 
feature “sharp cut-off beams”, the ” . ..standard of aiming must be improved if the proportion of 
glaring lamps is to remain below any particular lever’ (Harris, 1954). 

Fisher and Christie (1963) reported that age differentially impacts the effects of glare. 
Specifically, older individuals are more seriously impaired by glare than are younger individuals. 
In attempting to specify the relationship more precisely, they calculated that the veiling luminance 
for a sixty year old observer is three times that for a twenty year old 
3.3.2 Masking of Unequipped Vehicles 

Attwood (1979) studied performance in detecting an oncoming vehicle under dawn/dusk 
ambient illumination levels. The test vehicle was in the center position of a platoon of thrke 
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vehicles. Treatments were used in which the first and third vehicles had, or did not have, lo\;lr 
beam headlights turned on. The results indicated that the presence of headlamps on the first and 
third vehicles led to decrements in distance at detection of the unlit center vehicle. This masking 
,:ffect led Attwood (198 1) to recommend a DRL intensity level no greater than 2ooO cd. which is 
considerably less than typical low beam headlights. 
33.3 Masking of Turn Signals 

Fisher (1974) related the results of a study conducted by the Swedish Institute for Road Safety 
Research in which it was reported that I’... as the percentage of dipped headlights increased there * 

was less risk of accident for these drivers and a greater risk for drivers relying on marker lights”. 

. The report concluded that present marker lights are inadequate in some circumstances and that there - 
is a need for uniform lighting system so that marker lights are not masked by dipped headhghts. 

Tests of turn signal masking effects as a function of lamp intensity, viewing distance and 
location relative to turn signals have been reported by several authors. Moore (1986b) has reported 
a test of masking of turn signals under daylight conditions by a high beam headlamp with intensity 
ranging from 0 to 5000 cd. The turn signal was operated at 250 cd. at H-V and its center was 
separated from the headlamp edge by 3.375 in. Observers faced the test vehicle directly at viewing 
distances of 500 and 1600 feet and indicated whether or not they could see the operating turn 
signal. At the 500 foot distance, 95 to 100 percent of observers reported seeing the turn signal. At 
5000 cd. this percent dropped to less than 50. At the 1600 foot distance, head lamp intensities as 
low as 600 cd. resulted in turn signal detection by only 24 percent of subjects. Detections dropped 
to less than 10 percent for intensities of 1500 cd. and above. 

A test of turn signal masking by high beams in daylight was reported by Macintyre (1985). The 
test vehicle approached the observers at 20 mph and turn signal recognition distance was 
determined as a function of turn signal to headlight separation and turn sign xl intensity at H-V in 
the range from 200 to 1200 cd. The high beam intensity was 3000 to 4000 cd. at H-V. For 6 in. 
separation, mean detection distance ranged from about 670 to 770 ft. depending on turn signal -, 
intensity. For 4 in. separation, the range of mean detection distance was 640 to 710 ft. and for 2.5 
in. separation, the range was from 590 to 650 ft. 
3.4 
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In Finland and Sweden national DRL laws were passed in the 1970s. The Swedish DlXL, 
standard for minim urn intensities is shown in Figure 3-l. The maximum intensity at H-V is 800 cd. 
The minimum lamp area is about 40 sq. cm. and DRL lamps can be either clear or amber. DRL, is 
required on vehicles manufactured in Sweden after the effective date of the law. Drivers of vehicles 
manufactured prior to that date can use low beams as DRL. Saab introduced a DRI, implementation 
in 1975 which used reduced intensity low beams and, in 1977, changed to use of cornering, 
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running and parking lights as DRL. Volvo introduced increased intensity parking lights with 300 
to 400 cd. at H-V as DR& in 1977 @mar, 198 1). 

In April 1986, the Canadian Department of Transport issued a proposed motor vehicle safety 
standard requiring DRL as of 1 December, 1989. The proposed standard allows high beam 
headlamps as DRL if the intensity is limited to a maximum of 7000 cd. at H-V. Low beam 

headlamps are also allowed with or without reduced intensity. Other lamps may be used and may 
be clear or amber with a minimum lummous area of 40 sq. cm. and minimum projected area at 45 
degrees outboard of 10 sq. cm. The minimum intensities for DRL lamps which are not combined 
with another regulated lamp are 500 cd. at H-V and 250 cd. at 10 degrees left and right of center in 
the. H plane. A maximum intensity of 1200 cd. is allowed at all points from 20 degrees left to 20 

degrees right in the H plane and upward to 10 degrees up. 



4.0 EXPERIMENTAL ISSUES 
DRL intensity and the resulting level of daytime conspicuity is a primary consideration in 

definition of a satisfactory DRL design. A minimum intensity level has been provided in field tests 
through use of parking lamps, or parking laxnps with increaised intensity filaments. The latter yield 
characteristic center intensities on the order of 200 cd., and in some cases may approach the 
minimum value of 300 cd. required in Sweden. The proposed Canadian DRL standard requires a 
minimum center intensity of 500 cd. which falls in the range of turn signals or dedicated DRI., - 
lamps as does the Swedish standard maximum of 800 cd. The Horberg and I&mar (1979) studies 
showed that effects of DRL intensity on conspicuity in the 100 to 300 cd. range are dependent on 
ambient illumination. In connection with this fmding, Rumar (1981) noted that the prevailing 
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levels of ambient light are considerably lower in Sweden than in the U.S. due to latitude 
differences. He pointed out that “In December8 the sky illumination in Washington is five times 
that of Stockholm. Jn June, the dawn and dusk periods in Stockholm are about three times as long 
as in Washington. The proportion of overcast daylight hours per year is in Washington 43% and in 
Stockholm 56%. The effect of overcast is larger when the sun is lower.” (Rumar, 1981). These 
considerations suggest that the generally greater illumination levels characteristic of the U.,C .’ 
compared to Sweden may require greater DRL intensity in the U.S. than is called for by the 
Swedish DRL standard. Rumar (1985) discussed a proposal to increase the center intensity of the 
Swedish DRL standard to the 1000 to 1500 cd. range and to prohibit use durimg dawn and dusk 

These arguments for greater DRL intensity in the U.S. seem well taken. However, it should 
be kept ;n mind that Canrilli (1970) obtained significant accident rate reduction using standard 
parking lights as DRL so that this intensity level may not be entirely ineffective. The low end of the 
DRL range would appear to be characteristic of improved parking lamps -.on the or&r of 200 to 
250 cd. Attwood (1981) has argued, on grounds of vehicle masking in dawn/dusk illumination, 
that the upper DRL limit should be about 2000 cd. and noted that SAE Standard J579c for low 
beam headlights limits the intensity at 1.5 degrees left of H-V to 1000 to 2500 cd. due to glare J 
considerations. This suggests something on the order of 2000 cd. as the upper level of DRL center 
intensity. A number of studies of DRL conspicuity using high beam headlights have employed 
center intensities up to 5000 cd. This has been done because of the narrow beam pattern of high 
beams. Intensities of 5000 cd. in the narrow center cone are required if any peripheral intensity is 
desired. 

As discussed in Section 1.0, glare and masking effects may impose an upper li nit on DRL 
intensity. Therefore, it was considered desirable to evaluate both DRL daytime con ipicuity & 
glare/masking effects in the 1000 to 2600 cd. range. As noted in Section 3.2.3 it ha ; often been 
assumed that DRL, lamps can be treated as point sources when seen from distances at which vehicle 
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detection becomes important. If this is true, then luminous intensity in cd. is the appropriate’ 
physical correlate of conspicuity. If, on the other hand, DRL lamps function perceptually as 

extended sotirces, then area and luminance would become critical issues in conspicuity and DRL 
design. Resolution of this issue required an experimental design in which effects of area and 
luminance could be separated from those of intensity. Contrast between a ‘vehicle and the 
background is a determinant of vehicle detection performance. The effect of contrast between a 
DRL lamp and the vehicle, however, has not been investigated. 

. / _ i ,. i <” ._ DRL beam pattern is not ari ernpir&il issue but. ‘would’ be fundamental to development of a _.. -’ ,. L ,,.. I ,. 
DRL concept. The empirical question is one of detection performance as a function of intensity (or 

. perhaps area/luminance). If analyses of vehicle conflicts suggest that early detection at ‘say 20 
degrees from center is important, then a DRL lainp should produce sufficient intensity.at &at angle 
to provide conspicuity. The empirical data on detection versus intensity would be used to 
de@-mi& t& necessary intensity at the angle in question but it would not be necessary to run tests 
at that particular angle to the vehicle.’ T&&fore, detection tests were run, with ‘DRL”%r&&timed .’ . 5 ‘&ktlY at tiie ol;ie&ers afid oniy cetig inkkiti was controf&* ,. ..A ‘Y ‘, ‘- .’ “..I .--, ‘- :.,.:. 

DRL co1 or effects constitute an ex$erimental issue.. Subjective evaluations by observers &ho .’ 
judged ‘&e $&icuity&fBb lamps have often resulted in superiority of ‘amber over clear lam&, 
but it has not been demonstrated that there is any such advantage when detection $erformance ‘is 
u&xi as the criterion. ._,. .j_l .- ,. 

Masking ‘and glare effects may place an u&&l&nit on&e acceptable ir tensity of DIU. The 
most undesirable, form of m&king tiould a&ear% be masking of turn sig&.ls located close to DRL 
lamps. This effect has been demonstrated as discussed in Section 3.3.3., and the skv&ity v&es 
with distance. M&king of turn signals by DRI., in the higher intensity rangss beirrg studied here 
&as considered an issue requiring evaluation. I” 

Discomfort glare under low light levels was another experimental issue. Pre&nably, low 

: beam headlamps used as DRL would be acceptable in this,regard. The upper intensity level of 
2ooO cd. considered in the current study is well within the range allowed off-center for low beams 
by SAE Standard J579c so this effect was not expected to be severe for oncoming vehicles seen at 
some distance. IIigh beam headlamps may constitute a glare source depending on the intensity 

‘> 
used. For example, the Canadian DIZL standard limits’the’high’beam intensity to 7&O cd at H-V. 
In any event, DIU on an oncoming vehicle will generally be seen at an angle because of roadway 

geometry. At short viewing distances, this angle may be considerable and the line of sight will be 
likely to lie outside of the central cone characteristic of high bean&. At longer.distances, the line of 
sight may be closer to the central cone but then the viewing distance may reduce Wperceived 
degree of glare. For these reasons, it did not seem likely that 2000 cd. DRL lamps would produce 
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discomfort glare in the oncoming vehicle case. This, however, is not necessarily a worst case. 

Glare produced via the rearview mirror may be more intense because the distance to a DRL 
equipped following vehicle may be only tens of feet. It is likely that the intensity at vertical angles 
above the horizontal will have to limited in developing a DRL design so as to preclude this source 
of glare. To provide a basis for such design, it was considered desirable to evaluate glare effects 
when the subject viewed DRL lamps in the 500 to 2000 cd. range via a rearview mirror. 

Clearly, to perform experiments addressing the issues which have been discussed, a DRL lamp f 

was required. It was not considered desirable, howe\ er, to test specific DIU implementations such 
as headlamps, turn signals, parking lamps, etc. Instead, the experimental approach called. for use 
of a generic DRL lamp whose design parameters could be varied in different experimental 
treatments. The lamp chosen to meet the requirements of variable intensity, area, color, etc. was a 
Power model #817 accessory lamp. This has a luminous area very close to 100 sq. cm. and a 
height/width ratio of about.l/:! which made it convenient for control of area through use of one i 

lamp, a masked lamp or two lamps mounted edge-to-edge. Varying the voltage supplied to the 

lamp controlled the intensity at H-V. Because it Was economical to test several subjects at a, time, it 
was desirable that the experimental lamp have a wide pattern in the’H plane. The beam pattern for 
the experimental ‘lamp is shown in Table 4-l. Photometric measurements- on this lamp are 

expressed in Table 4-l as a percent of the maximum intensity at the center. .’ 

Three experiments were performed which dealt with: 
vehicle peripheral detection under daylight conditions . 

. turn signal masking under daylight conditions 
rearview mirror glare under dawn/dusk conditions. . 

_, 
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Table 4-l. Beam Pattern of Expeiimental DRL’ Lamp 



5.0 VEHICLE DETISWION EXI’ISI~IMk:WI’ 
The primary criterion on which effects of DRL design characteristics should be r:valuatcd is 

driver peiformance in peripheral detection of an oncoming vehicle under daylight con&tions. The 
vehicle detection experiment was performed to determine peripheral detection distance 3s a function 
of the following variables: 

. DRL intensity at H-V 
l lxLlampaRa 
l DPL separation - dual sepa -ated versus single center-mounted 
l DRL lamp color - clear ver cls amber 
l DPL background contrast 
. ambient illumination level. 

5.1 Method 
The vehicle detection experiment was carried out on a two lane blacktop rural road which met 

selection criteria requiring a straight flat roadway section about one mile in length and 
approximately parallel to the apparent daily path of the sun, a safe subject locition, and minimum 
traffic flow. Up to five subjects were run at one time. Subjects sat in portable chairs in a row and 
faced in a direction inclined at 15 degrees to the approach path of the experimental vehicle. 
Subjects faced a primary task stimulus consisting of a variable rate flashing light and were 
instructed to count flashes during a trial and to press a hand-held switch upon detecting an 
oncoming vehicle. Vehicle distance from a known starting point at detection was recorded 
automatically. 

. 5.2 Indew Vam L 
Independent variable values used in the vehicle detection experiment are described below. 

DRL treatments resulting from orthogonal combination of intensity, separation and lamp size are 
shown in Figure 5-1. 
52.1 DE& Lamp Intensity 

All DRL treatments were implemented using Power model #817 accessory lamps which have a 
luminous area of approximately 100 sq. cm. and are capable of producing 3300 cd. at K-V at 13 
volts DC. The use of this particular lamp does not meti that it is being recommended as a DRL 
implementation. The objective in the current study was evaluation of effects of generic DRL design 
parameters such as intensity, area and color. The intent was not to compare different specific 
lamps. The lamps used were selected entirely beta rse they offered a convenient nethod If 
implementing the required levels of independent variablr s. 

The intensities selected for the experiment were 0, 50,500, 1000, and 2000 cd. at H-V. The 
0 cd. level represents a control condition (i.e. no DRl 0. Lamp intensity was contra’ led by the 
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setting of a potentiometer to a specified voltage drop across the lamp circuit. A unique voltage 
drop was associated with each condition of DRL intensity, color, and lamp area. Required voltage 
drops specific to these lamp units and configurations were measured in the laboratory using DRL 
mounts and circuits, a Spectra Spotmeterm model UBD-1 and associated probe and a 13 ‘volt DC 
power supply. During data collection trials, the potentiometer was adjusted to the required voltage 
drop, as indicated by a DC volt meter mounted on the DRL control box. The car battery and 
alternator provided the power for the DRI s. 
5.22 DRLLampArea 

Lamp areas of 50, 100 and 200 sq. cm. were used in the vehicle detection experiment. The 
luminous area of the lamp unit used was 100 sq. cm. so this satisfied one level of area. The 50 sq. 
cm. area condition was implemented by use of a mask having a cut-out with a 50 sq. cm. center 
area as illustrated in Figure 5-1. The 200 sq. cm. area condition was implemented by mounting 
two lamps directly adjacent as shown in Figure S-l. Each lamp was adjusted to one half of the 
nominal intensity under the 200 sq. cm. condition. For example, the 200 sq. cm. 2000 cd. 
combination was obtained using two lamps mounted together with each having a 100 sq. cm. area 
and 1000 cd. At the characteristic detection distances, this’provided a stimulus equivalent to a 200 
sq. cm. lamp having 2000 cd. 
5.2.3 DRL Separation 

Separation referred to two conditions - a single center mounted DRL la@ versus dual DRL 
lamps mounted with approximately the same separation as that between the vehicle turn signals. 
Separation conditions are illustrated in Figure 5-l. It shoukl be kept in mind that one set of lamps 
was used in the single center mounted condition while two such sets were used in the dual 
condition so that the W intensity from all lamps under the dual condition was twice that under the 
corresponding single condition. 
5.24 DFU Lamp Color 

The DRL lamps were equipped with clear or amber lenses. These were changed between trials 
to control lamp color. Lenses were identical in all regards except color and levels of light 
transmittance. 
5.2.5 DRL Badground Contrast 

Background plates for each DRL lamp position (left, center, right) were constructed. These 
were rectangular pith a horizontal dimension of 18 inches and a vertical dimension of 12 inches. 
They provided a flat white or flat black background against which the DRL 1amRs contrasted. The 
t&t vehicle was dark blue. All chrome trim on the front of the test vehicle was masked with black 
plastic electrical tape to control possible spectral glare. 

(  

26 / 



’ - 

Trials were run during daylight hours from about 10 AM to 4 PM during the months of 
October and November. Ambient illumination was measured immediately following each kal using 
a Spectra model FC-200 photometer with a cosine corrected receptor. Ambient illuminat,ion could, 
be controlled only grossly by selection of sunny, overcast, cloudy, etc. time periods. The 
observed range was from 14,000 lux representing heavy overcast to 94,000 lux under bright sunny 
conditions. 
5.3 E _ l -nt&&@ 

The number of treatments yielded by orthogonal combination of all levels of the independent 
variables was 120. It was desirable to complete the trials for a group of subjects in one day and 
this number of treatments could not be accommodati Therefore, subjects were divided into two 
groups and groups were assigned to treatment combinations in such a way that the three-way 
interaction of color, separation and contrast was confounded with differences between groups. 
This resulted in a one half replicate consisting of 60 trials per groyp. All main effects and two-way 
interactions were balanced with respect to group differences. The. independent variable ambient 
illumination was not under experimental con&l. Itwas necessary to record this on each trial and to 
analyze the data via multiple regression. 

Change in DRL color required changing lenses on all lamps and change in contrast level 
required changing background panels. These m&ipulations were somewhat time consuming so 
these variables were blocked. Color and contrast were held cons& for a block of fifteen t&G 
composed of three levels of lamp area and five levels of DRL intensity. Assignment of 
color/contrast combinations to trial blocks 1 to 4 was done using a latin square to counterbalahce 
effects of these variables against practice effects. 

Within a trial block, the 50 sq. cm. area condition was implemented using a &ask to limit the 
lamp luminous area. This change required i&allation/remova.l of masks. Therefore, the five 50 
sq. cm. trials within a block were grouped together. The order of presentation of the ten trials per 
block involving areas other than 50 sq. cm. was first randomized. The or&r of the 50 sq. cm. 
trials was randomized separately. The latter set was then inserted into the former at a randomly 
chosen position. Control of intensity, separation and areas other than 50 sq. cm. was done by 
switch settings. Levels of all independent variables per trial were specified by a run schedule. 
5.4 w 

The vehicle detection experiment was carried out on Route 645 in Prince William County, 
Virginia. This is a two lane blacktop rural road which met selection criteria requiring a.straight flat 
roadway section about one mile in length and approximately parallel to the apparent daily path of 
the sun, a safe subject location, and minimum traffic flow (on the order of three vehicles per hour). 
The test site geometry is shown in Figure 5-2. The‘DRL, test vehicle approached along the straight 
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Figure 5-2. Vehicle Detection Experiment Test Site 
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roadway section. Subjects were located just off the road at a curve. Dp to five subjects were run at 
one time. Subjects sat in portable chairs in a row and faced in a direction inclined at 15 degrees to 
the approach path of the experimental vehicle. The center subject position was aligned with the lane 
center line. The use of multiple subjects resulted in deviations from the nominal test vehicle 
peripheral angle (15 degrees) and.the nominal DBL viewing angle (0 degrees). At characteristic 
detection distances, however, these deviations were small. The vehicle peripheral angle is tile angle 
primary task - subject - center of vehicle. 

Fh _ 
At a distance of 500 feet, which is less “tt;an”the 

lowest mean detection distance obtained, the leftmost of five subjects W&id see the veh&le at a 
viewing angle of 16.5 degrees. The rightmost subject would see it at 13.5 degrees. Thus the 
maximum absolute error in peripheral viewing angle was about 1.5 degrees. The DRL angle is 
measured from the test vehicle and is the angle outermost subject - center mounted Da lami - 
center subject. The absolute value of this angle was about 0.4 degrees for both the leftmost and 
rightmost subjects. This was well within the center cone of the lamp used. 

Subjects faced a primary task stimulus tihich consisted of a variable rate flashing light located 
as shown in Figure 5-2 and were instructed to count flashes during a trial and to press a hand-held 
switch upon detecting an oncoming vehicle. They were also instructed not to look away from the 
primary task display until told to do so by the experimenter. ‘The subject location was shahed by 
trees so that subjects were not looking into the sun. The sun apparent path was approximately 
parallel to the straight roadway section. 

The experimenter station was a table immediately behind the subjects. This contained the 
experimental apparatus, data forms, run schedules, etc. The experimenter could communicate with 
the DRL vehicle driver via twoway radio and could talk directly to thesubjects. 
5.5 w 

Experimental apparatus in the vehicle detection experiment consisted of DRL control and 
distance measurement equipment mounted in and on the test vehicle, detection signal transmitting 
and primary task equipment and a Spectra FC-200 photometer located near the experimenter 
station, and CB radios for communications. 
5.5.1 DRL Test Vehicle 

A 1984 Ford Escort, provided by NHTSA, served as the test vehicle and is shown m Figure 
5-3. This car was modified by the addition of six lights mounted on a bar attached to the front 
bumper of the vehicle. These consisted of,‘&0 vertically‘stacked units at the right, center, and left 
positions of the automobile as indicated b Figures S-1 “and 5i3. Design and mounting details of 
thelightbarareshowninQure5-4. I ,: ” 

_( 
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Figure !%4. DRL Light Bar D&ills’ ‘-. 

The configuration and intensity of the lights was controlled by the driver of the &vehicle 
using a control box mounted on the dashboard The DRL control circuit is &o&n mFigure 5-5. 
Switches were provided to allow selection of various sets of lamps. The 50 sq. cm condition 
required the use of a mask inserted into the lower lamp of each group (see figure 5-l). Different ‘, lenses were used for clear and amber light color conditions. and required a lens change to alternat 
between these conditions. Lamp intensity was controlled by the setting of a variable resistor to a 
specified voltage drop across the lamp circuit. Prior to a data collection trial, the potentiometer was 
adjusted to the required voltage drop as indicated by a DC voltmeter mounted on the DRL control 
box. The car battery and alternator provided the power for the DRCS. 
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other loads 
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A / I switch 

Common ground 
to car body or battery 

Figure 5-5, DRF Lamp Control-CircuK 

5.5.2 Experimenter Station 
. 

1 EQI@IEIU - ,A COI$O~ box for the primary task display was located at 
the experimenter station. This was used to turn the display ,on and off and to control the flash rate. 
The primary task control box is ilhrstrated in Figure 5-6. : 

. . VehicIe Detectron Handswntches * . Crrcua . Each subject was provided with a small - 
pushbutton handswitch which was used to signal test car detection. Momentary depression of the’ 
pushbutton in each handswitch activated two separate circuits. The first illuminated one’of five‘ ’ e 
lights (each associated with a specific subject) at the experimenter station, indicating vehicle 
detection for each subject. This light remained on until reset by the experimenter at the end Of each 
trial. The second circuit activated the radio transmitter to send a signal to distance measurement 
equipment mounted in the test vehicle. The subject response box is shown in Figure 5-6. 



6 VDC in from 
asher box 

hand switch box 

Or; iwitch 
+----J-k 

c 
Fast 

1kVDCin 
from battery 

I lamp 
Rate of flash 

control 

Figure 6-6. 
Subject Aandswitches 

Primary Task Control and Subject Res 
Equipment Located at Experimenter Station 

Photometer - A Spectra model FC-200 photometer with a cosine correc*& illuminance probe 
was used to measure ambient lighting conditions at the time of each trial. Measurements were 
indicated in lux, wi+h a potenti~~range of 0 to 3OOOOO. The photometer was located in the vicinity 
of the experimenter skttion~so that it received direct sunlight. 
5.53 Travel Diice Measurermnt _ 

Distance traveled by the test vehicle from a standard start point to the point of vehic .e detection 
by the subject was determined using a measurement system procured from-the Automoti\Je Features 
‘Company. A fifth wheel was mounted on the driver side door of the test vehicle b!/ means of 
suction cups. Four magnets mounted ‘on the hub of the wheel reported to a reed swit ,h mounted 
outboard of the wheel axle. While the vehicle moved, the reed switch reported each passage of the 
magnets to a Cygnus Automobile Performance Computer and printer. ,The computer and printer 
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were positionec on the front passenger seat of the vehicle, next to the driver. The computer was 

calibrated to count reed switch pulses and to continuously compute and display distance traveled in 
feet. Computed distance was accurate to approximately three feet over distances up to one mile 
The on-board printer circuitry continuously monitored the elapsed distance display,‘and upon 
receiving a pulse from a radio controlled relay, captured and printed elapsed distance d;.ta 

A relay, powered by a remote control radio receiver, was used as the control switch for the 
printer. The radio receiver and antenna were mounted on the front windshield of the est car. The 
receiver was a Challenger 2000 hobbyist radio receiver and servo. The unit was modified to * 
bypass the servo, using the servo motor power to actuate the coil in the relay switch. The receiver 
was actuated by a radio transmitter located near the subjects station when a subject rey orted vehicle 
detection by pressing a hand-held switch. 

The transmitter was located at the experimenter station. Upon handswitch closure by a subject, 
a 250 millisecond timing circuit operated a relay which provided power to the radio remote control 
transmitter. The signalgenerated by ‘the transmitter actuated the receiver and relay unit located in 
the test car, which in turn actuated the data printer so that t+vel distance was printed automatically 
whenever a subject pressed the handswitch. The handswitch; transmitter and receiver/printer 
circuits are shown in Figure 5-7. 
5.53 P imary Task Display 

Du ing each detection trial, subjects were required to attend to’ and count the pulses of a 
flashin light. This light was located approximately 150 feet from the subjects and 15 degrees to 
the righ _ of the approach path of the test car as shown in Figure j-2. The “on” duration of the light 
was approximately 0.5 second. The “off’ duration was under the control of the experimenter, with 
a continuous range of one flash every 2 to 15 seconds. At the end of each tria!, subjects reported 
total flashes counted. 
55.4 Radio Communications 

Communications between the experimenter and test vehicle driver were provided by means of a - 
CB radio in the test vehicle and a hand held transceiver at’the experimenter station. ‘. 
5.6 + s 

Subjects reported to the Carlow office in Merrifield, ‘VA. Vision tests ye1.e given and 
administrative details were completed. Subjects were then,transported to the test site. A standard 
set of instructions was read, explaining the procedure, and two practice trials were administered. 
During this time any questions were answered by the experimenter. Data collection trials were then 
administered in four blocks of fifteen trials each. A break was allowed between blocks. 
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56.1 Vision Tests 
Two vision tests were applied to all subjects. Visual acuity was tested using a standard Snellen 

chart. Contrast sensitivity was tested using the VISTECH Consultants Incorporated VCT$ 6500 
test. 

56.2 Instructions to Subjects 
A standard set of instructions was read to each group of subjects after arrival at the test site. 

These instructions directed the subjects to attend to the primary task apparatus and to count signals 
(flashes) when told to by the experimenter. .It was repeatedly stressed that subjects were to look 
directly at the secondary task apparatus until the experimenter asked them to re.port the number of 
flashes. Subjects were informed that at some time during the trial, a vehicle might approach on the 
roadway and that if they detected this, to press a hand held switch %whose.function was then 
demonstrated. They were told that total certainty of a detection was not necessary but to respond 
when certain enough that they would look toward the detected vehicle if they were driving. 
Following the written instructions, the experimenter answered any questions. 
5.6.3 Trial Procedure 

Treatments in the vehicle detection experiment were the 120 combinations tif levels’of the 
independent variables. These were identified in the run schedule by the integers 1 to 120. The 
experimenter consulted the run schedule to determine the next trialand treatment number. This Gas 
communicated to the test vehicle driver when the test vehicle was stopped at the experimenter 
station following the last run. The driver wrote the next trial number and treatment number on the 
printer tape. The test vehicle was then driven to one of several,tum-offs from the roadway. Most 
runs were made with a starting distance of 1200 ft. During pilot testing , it was noted that with 
DRL intensity of 2000 cd. and low ambient illumination, detection was sometimes reported at 
distances beyond 1200 ft. Therefore, runs under th :se conditions were made using a starting 
distance of 1800 ft. The experimenter and test car driver determined which distance to use based . 
on the DRL intensity for the next trial and on the last photometer reading. The experimenter then 
recorded the start distance selected on a data sheet. 

The test vehicle was driven into one of two turnoffs from the roadway where the front end of F 
the vehicle was out of the view of subjects. The driver consulted a treatment table using the 
treatment number. This indicated levels of independent variables for each treatment and switch 
settings necessary to obtain these. For the first trial in each block, the DRL lamp lenses were 
installed to obtain the correct color (amber or clear) and the background plates were installed to 
obtain the correct contrast (black or white). If the lamp area for the next trial was 50 sq. cm., then 
masks were installed on the lower lamps. 

Inside the vehicle, the driver set switches on the DRL control box for area and separation 
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according to the treatment table. Next the variable resistor was adjusted with the engine above idle ” I.\... ,...... 
speed so that the correct’voltage across the DRL lamps was obtained. The voltage necessary for the 
desired intensity was given as a function of area and color in the treatment table. The DILL, lamps 
were then turned off. The driver backed out into the roadway and positioned the test vehicle in the 
center of the lane at a measured starting point painted on the road. He/she lowered the fifth wheel 
into contact with the roadway, reset the distance measuring equipment and reported “ready” to the 
experimenter via radio. 

The experimenter reset the detection handswitch circuit if this -had not been done previously, set 
the primary task flash rate, turned on the primary task apparatus, instructed the subjects to attend to 
the primary task and instructed the driver to start The:dr@er then @.rnti.on the DBL lamps if the ,. ,. : ., 
trial did not involve zerointensity and accelerated the vehicle rapidly to 25 mph. This speed and a 
vehicle heading directly toward the subjects was maintained throughout the approach. During the 
run, the experimenter monitored lamps on the detection circuit box, which corresponded to the 
different subjects. ,.: When a given subject*pressed the handswitch, the corresponding lamp . 1 
illuminated: This allowed the experimenter to record on a data sheet the order in which the subjects ., .- 
responded. Ties or near-s@@aneous switch presses were also noted on the data, sheet. ,As i ._., I 
de&on iesponses occurred during the rur+ the handswitch circuit sent pulses to the transmitter ,.‘. 
and ,thes,e were received by the receiver on the vehicle and sent to the computer which then printed . ., -, 
outthecurrently sampled travel distance. : ?. i, 1 1 

After the test vehicle had passed the subject position, the driver turned off the DRE lamps, ,^, 
stopped the vehicle, raised the ftith wheel, turned the vehicle around and drove to the vicinity of : 
the experimenter station, While this was being done, the experimenter read the photometei and 
recorded the ambient illumination. The experimenter and driver conferred on the trial results to 
confirm that all detection responses had been recorded. The main requirement for this arose .’ 
because of tied responses. On some occasions, two or more subjects responded within the cycle 
time of the computer. This produced fewer printed lines than there were subjects. By using tie or 
near-tie information recorded during the run, the experimenter and driver were able to correctly 
assign subject numbers to printed lines in cases of ties. 

The experimenter then determined the next trial and treatment and the trial procedure was 
repeated until a trial block was completed. Printer tapes and experimenter data sheets were stored 
together for later calculation of detection distance by subtracting the recorded vehicle travel distance 
from the starting distance. 
5.7 &&jg& 

Eighteen subjects were used in the vehicle detection experiment. They included Carlow 
employees, persons recruited for the experiment by Carlow employees ‘and students at George 



- 

Mason University recruited through advertisements at the university. All subjects were licensed 
drivers, had’n0rma.l corrected or uncorrected acuity and fell within the normal range on the contrast 
sensitivity test. Subjects included nine males and nine females having the following age 
distribution: 

c 25 
25 -35 : 

> 35 10 

Carlow personnel were paid at their hourly rates and other subjects were paid a fixed amount for 
participation in the experiment. j 
5.8 Reflllts 

Four groups of subjects were run in the detection distance experiment. 3roup 1 completed 
only the first two trial blocks due to equipment failure and deteriorating iveather conditions. It was 
planned to reassemble this group later but this proved’ not to be feasible, Groups 2 through 4 
completed all four trial blocks. The data collection effort resulted in 827 usable trials across ali 
groups. Ambient illumination varied between and within days so that the four groups experienced 
different levels of ambient illumination. The numbers of subjects and trials and mean, minimum 
and maximum ambient illumination by group am shown in Table 5- 1. 

Table 54. Subject Groups 

Ambient Illumination (Iux) 
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5.8.1 Regression Analysis Using All Independent VariabIes 
When all six independent variables were considered including ambient illumination, the data 

_ . . . matrix did not represent a balanced experimental’design because ambient illumir ation varied 
randomly from trial to trial. Therefore, to include ambient illumination in the analysis, it was 
necessary to employ regression analysis. This technique allows for intercorrelations among 
independent variables, if any, in a matrix having missing data. The data were subjected to multiple 
regression analysis using the following variable coding: 

0 Lamp area - 50,100 or 200 sq. cm 

0 Background 
- 0 = black 
- l=white 

l Color 
- 0= clear 
.- l=amber 

l Separation 
- 0 = single center mounted 
- I =dual 

IX& intensity - 0,250,500, lm,‘or 2000 cd. l 

0 Ambient illumination - 14000 to !MOOO lux. 

The results of this analys s are shown in Table 5-2. The multiple correlation coefficient was found 
to be 269 with al& indep.ndent variables listed above included in the model. The regression model 
was: 

6 

istance =: Constant + 
z Ck* Xk 

k 1 = 

where the ck are regression coefficients and the X, are independent variables (area, background, 

color, etc.). The regression coefficients are given in Table 5-2 in both raw score and standardized 
fem. The raw score coefficients are least squares estimates of the regression coefficients in the 
above equation using the variablle coding shown above. The standardiied coefficient values would 
only be applicable if all independent and dependent variables were converted to standaraized form. 
The analysis of variance portion of Table 5-2 presents a test of significance of the entire regression 
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Regression Analysis of Vesicle Detection 
Usin Data From Subject Groups 1 to 4 

lndepsndent Raw Sacrre Standardized P Alpha 
Variable Coefficient Coefficient Statistic Level 

Constant 691.887 0.000 24.771 co.oo1 
Size 0.156 0.045 1.338 0.181 
Background -25.522 -0.059 -1.744 0.082 
Color -92.982 -0.215 -6.373 co.oo1 
Separation 24.847 .. 0.058 1.697 0.090 
Intensity 0.033 0.106 3.158 0.002 
Ambient -0.SOl -0.700 -2.078 0.038 

Analysis of Variance 

Sum of egrees 
Source . Squares of Freedom ,., 

Hegression 2772926.009 6 
Residual .355056 Ec08 820 

F-Ratio 

10.673 
--- 

Alpha 
Level 

co.oo1 
--e-e 

, 



relationship. The null hypothesis is that in the population the variance accounted for 1 my regression 
on the independent variables is zero. This hypothesis may be rejected at the .oOl level. The T 
statistics shown in Table 5-2 provide significance tests of the difference of each coefficient from 
zero. 

3 

Y 

The regression analysis was performed as an approach to detemining the significance levels of 
effects of the independent variables rather than because of interest in using the regression equation. 
lf one were interested in using the regression equation to predict detection distance for a given DRL 
concept, the authors would suggest incorporating into the equation only those variables which 
reached statistical significance as indicated by the T test values and alpha levels in Table 5-2. 

DRL, intensity was found to be significant at the .002 level and ambient illumi&ion at the .05 
level. Color is shown to be significant beyond the ,001 level in Table 5.2 but this effect is almost 
surely due to confounding of color effects with subject differences. Very little within-Subject 
information on clear versus amber lanps was availabie from group 1 because only the first two 
trial blocks were completed and the blocking scheme was such that these trials involved only the 
clear color condition. Large between-subject differences were apparent in the data and group 1 was 
:haracterized by greater average detection distances than were the other three groups. Mean 
detection distance is shown in Figure 5 8 for all data as a function of DRL intensity, group and 
ambient illumination. Ambient illumination was dichotomized as high or low using the mean value 
of 41912 lux. The Low and High legends in Figure 5-8 refer to ambient illumination below 41912 
lux and above 41912 lux respectively. There are some missing points in Figure 5-8 because 
groups 1 and 4 were run on days having lower illumination levels than were groups 2 and 3. This 
is reflected in the mean illumination levels shown in Table 5-l. For group 1, no high illumination 
data were available for DRL intensities of 500 or 1000 cd. For group 4, no high illum ination data 
were available for the 2000 cd. condition. Nevertheless, it is clear from Figure 5-8 that detection 
distances obtained from group 1 were generally considerably greater than were those for other 
groups. 

II 
Group 1 completed only the fiit two trial blocks which were run using clear lenses and two 

trials of the third block using amber lenses: Numbers of trials and mean detection distances are 
shown for group 1 and for groups 2-4 in Table 5-3. Group 1 contributed 138 trials to the clear 
color condition and only 9 trials to the amber condition. When data’for group 1 were ignored and 
mean detection distances under the two color condi~ons were calculated using data from groups 2 
through 4, these were found to be very nearly identical so the apparent color effect is clearly the 
result of individual between-group differences which were confounded with lamp color. 
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i low ambient illumination than for high. 

The effect of primary interest is that of DRL intensity and the interaction of this with ambient 
illumination. Mean vehicle detection distance as a function of DRL intensity is shown in Table 5-4 
for low and high ambient illumination levels and collapsed across illuxninaion levels. The Table 
5-4 data are plotted in Figure 5-9. The main effect of DRL intensity does not show increases in 
detection distance below 500 cd. From 500 to 2000 cd., however, a regular increase in 
detection disfanee appears. The data suggest that the DRL intensity effect is more pronounced for 

c 
Table 5-4. Mean Vehicle Detection Distance as a 

Function of DRL Intensity and Ambient 
Illumination - Regression Analysis Data 

DRL 
Interwit\ 

(cd. ) 

. . . . . . . . . . . . 
0 . . . . . . . . . . . . 

250 . . . . . . . . . . . . 
580 . . . . . . . . . . . . 

108Q . , . . . . , . . . . a 
2000 . . . . . . . . . . . . 

‘otal 

From Subject Groups 1-4 

Ambient Illumination (lux) 

.  .  .  .  .  .  . . I . . . . .  

Mean 
Distance 

(ft. 1 

*............a 
643.7 e............. 
688.0 * . . . . . . . . . . . . . 
613.8 L . . . . . . . . . . . *. 
589.6 . . . . , . . . . . . . . 
699.2 . . . . . . . . . . . . . 

64D.3 

Total 

The vehicle detection data were found to exhibit considerable between-subject and 
within-subject variability. In some cases, means may have been influence6 by a few extreme 
scores. An analysis of DRL effects was carried out in which an attempt was made to reduce effects 
of extreme values and between-subject variability. First, the highest and lowest distance values 
were deleted from each treatment condition composed of one level each of lamp area, background, 
color, separation and DRL intensity. Second, detection distances were converted to imnrovement 
scores on a subject-by subject basis. The improvement score was def’.ned as: 
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Improvement ,ja ti Distanckz ijk 0 Mean Distance 1O 

The subscript i refers to subjects, the subscript j refers to DRL intensity conditions and the 

subscript k refers to all combinations of the remaining variables. Each detection distance score in 
the matrix was converted to an improvement score by subtracting from it the mean detection 
distance at zero DRL intensity for the subject in question. Mean improvement scores were then 
calculated as a function of DRE intensity and ambient illumination (high vs. low). These are 
shown ir Figure 5-101 The origin in Figure 5-10 represents the grand mean detection distance at 0 
DRL intensity as zero. If there were no effect of ambient illumination, the mean improve:nent score 
at zero DRL intensity would be zero. Improvement scores for some rsf the low ambient 
illumination data points were negative because they involved mean detection distances which were 
less than the grand mean at the intensity Bevel in question. The vertical positions of the curves 
reflect the main effect of ambient illumination. The improvement score data suggest that detection 
performance impvoves regularly with DRL intensity under low ~~~na~o~ (as:defined here). 
Under high illurn nation, however, D3fi %ensities in the rarze. from 2.73 to I cd. had a less 
pronounced effect. 

The magnitude of the difference in improvement score between the extremes of DRL intensity 
(0 vs. 2 cd.) was approxirnate%y QSO feet. At 55 stance c~~e~~~mds TV about one 
second of travel time and at 30 mph to nearly two seconds. It is difficult to transform these 
distance/time relationships into safety improvement values but it can be noted, that a second is a 

. fairly long time in relation to human latencies and reaction times. If the safety benefit of 
DlxL as cmpared to no IxL is a Y :duc tion on the order of the numb 
been prevented had an oncoming vehicle been detec one TV two set 
may be considerable. 
§.&2 ysis of csvarimce Exs.h 

The data and results of section 5.8.1 are regarded as adcq~atily desctibing main effects of I&L 
intensity and joint effects of DRL intensity and ambient illumination. The regressior technique 
does not readily address joint effects of ~~dc~~de~t va&h%es. Therefore, an analysis of 
covariance was conducted on a subset of the .dat+ with ambient ikmi~ation as the covxiate. The 
detection distance data were transformed for this analysis by subtraction of a term imolving the 
re&zssion coefficient of ambient ihnination and Qe qeq @yeI, @ a,mbier$ ihnination. 
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There is an additional problem in directly interpreting the significance of independent variables 
other than DRL intensity in the data from section 5.8.1. This involves the zero intensity (no DRL) 
condition. When the DRL intensity main effect is considered, it is appropriate to include the no 
DRL data because zero intensity represents a logical point on the intensity curve. When other 
independent variables are considered, however, inclusion of no DRL data may result in 
under-estimation of the effects of these. Consider lamp area, for example. The classiSc&ion of 
data according to lamp area really makes sense only when the lamps are turned on. The calculation 
of treatment means for different lamp areas will involve a certain number of no DRL trials if ah the 

. 

data points are used. It seems highly unlikely that area could influence performance for cases in 
which the DRL lamp was turned off. Collapsing across the entire data matrix at each particular 
level of area and including zero intensity DRL data points would appear likely to suppress true 
effects of area or other independent variables. For these reasons, the zero DRL intensit 7 data were 
excluded from the analysis of covariance. The analysis was applied to 718 data point for which 
the DRL lamps were turned on at some intensity level. 

The analysis of covariance consists of analysis of variance applied to scores after ubtraction 
of the regression effect of the covariate (Wirier, 1962). In the 718 DRL data points, the mean 
detection distance was 661 feet, the mean ambient illumination was 41728 lux and the regression 
coefficient for the effect of ambient illumination was -.OOl. Therefore, detection distance adjusted 

to remove the general effect of ambient illumination was calculated as follows where 
ad] is 

adjusted detection distance, ‘Y is measured detection distance and X is measured ambient 
illumination in Iux: 

Y,(.jj = Y 

Y Y 

x (X - 41728)] or: 

+ A01 X - 41.728 
F 

T3dj is essentiall:~ the residual error for the regression relationship between detection dis ce and 
ambient illumination. The analysis of covariance of this measure is shown in Table 5-5. Only 
main effects and two-way interaction variances were calculated. Missing data would have caused 
difficulties in calculating higher order interactions and most of the three-way ‘and higher interactions 
were confounded with differences between subjects due to the fractional replication experimental 
design. Assuming that these higher order interactions are negligible in the population, interaction 
terms other than main effects and two-way interactions were pooled to provide a general error 
term. The analysis shown in Table 5-5 is probably somewhat more powerful than the regression 
analysis of Table 5-2 because of the removal of the between-subjects main effects. Means were 
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calculated both with and without group 1 because the confounding of group 1 effects with those of 
DRL color must be examined in order to interpret effects involving color. I 

Table 5-5. Analysis of Covariance of Adjusted Vehicle 
Detection Distance From Non-Zero -Intensity 
Treatments and Subject Groups l-4 I 

Source 

DRL lnte xity (1) 
Lamp Ar<..?a (A) 
Lamp Color (C) 
Background (B) 
Separation (D) 
Subjects (S) 
IxA 
IXC 
IxB 
IxD 
AxC 
AxB 
AxD 
CXB 
CxD 
BxD 
Residual (Error) 

Total 

MS E /Upha 

3 57.590 
2 6.762 
1 125.776 
1 0.535 
1 12.859 

17 1583.542 
6 18.626 
3 13.428 
3 9.806 
.3 5.319 
2 67.497 
2 10.262 
2 3.935 
1 8.606 
1 1.676 
1 39.868 

668 1193.338 

717 3159.425 

19.197 
3.381 

125.776 
0.535 

12.859 
93.150 

3.104 
4.476 
3.269 
I’.773 

33.748 
5.131 
1.968 
8.606 
1.678 

39.868 
1.786 

10.75 0.001 
1.89 0.250 

70.41 0.001 
0.30 
7.20 O.OOf 

1.74 0.250 
2.51 0.160 
1.83 0.250 
o.cJ9 

18.89 o.001 
2.87 0.180 
1 .lO >0.250 
4.82 0.050 
0.94 - 

22.32 0.001 
- - 

Tests of main effects in Table 5-s were found to be in substantial agreement with those of Table 
5-2. DRL intensity and lamp color were found to be highly significant in both analyses. Lamp 
separation which exceeded the . 10 level in the regression analysis was found to reach the XXI1 level 
in the analysis of covariance. 

The DRL intensity main effect has already been illustrated in Figure 5-9. The separation 
(single vs. dual) main effect was due to the fact that the mean detection distance for the single 
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lamp configuration was found to be 647 feet while that for the dual separated condition was 674 
feet. Thus a difference of about 27 feet in mean detection distance is attributable to the separation 
factor. 

The significant effect of DRL color in Table 5-5 was the k&t of ‘hhfounding of 
between-subject differences with color due. to’.the incom$ete group 1 data & discusse 1 in Section 
5.8.1. This is illustrated in Table ~5-6. With the zero DRL intensity treatment data dele ed, group 1 
contributed 108 trials to the clear condition data but only 4 trials to the amber condition data. When 
the amber-clear comparison was made using only data from groups 2-4, the mean detection 
distances varied by only a few feet. < 

Table 5-6. Mean Adjusted Detection Distance 
as a Function of DRL Color and 
Subject Groups -’ Analysis of :‘. 
Covariance Data From Non-Zero 
Intensity Treatments’ l .‘, ,. 

DRL 
Color 

Mean: 

Among the two-way interactions tested in the analysis of covariance, the following were found 
to reach significant alpha levels: area x color (.OOl), color x background (.05) and background x 
ieparation (.OOl). The interaction of area and color is illustrated in Figure 5-11. Because color 
$:ffects were influenced by the subject differences involving group 1, the data have been plotted 
vith and without group 1. Exclusion of group 1 did not greatly change the amber cufl’e in Figure 

: ;- 11. The clear curve, however, was strongly influenced by the data trials contributed by group 1 
and interpretation of the area x color interaction is best done using the, group, 2-4 data. The 
right-hand graph in Figure 5-l 1 shows that amber lamps resulted in greater detection distances for 
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the two smaller lamp areas but that this effect was reversed for lamps of 200 sq. cm. The 100 sq. 
cm. area corresponds approximately to that of a typical turn signal or fog lamp while the 200 sq. 
cm. area is characteristic of a single headlamp. The figure 5-11 data suggest that amber is 
preferable for dedicated DRL, turn signals or fog lamps used as DRL in the 100 sq. cm. range or 
smaller. The apparent diference between amber -and clear lamps for lamp areas of 50 and 100 sq. 
cm. was tested using Scheffe’s test. .For the 50 and 100 sq. cm. areas only, the mean adjusted 
detection distance for amber lamps was found to be 628 feet while the corresponding value for the 
clear lamp condition was 589 feet. This difference was found to be significant at the .Ol level 

The interaction of lamp color and background color is shown in Figure 5-‘i2. Because the 

f 

lamp color variable was involved in this source of variance, the data must be interpreted in light of 
the effect of inclusion of group 1. The exclusion of group 1 -in obtaining treatment means may be 
seen to influence the results quantitatively but the pattern is the same in both sections of Figure 
5-12. Under the clear lamp condition, there was a small superiority of the white o.ler the black 
background. This effect was reversed and somewhat more pronounced for the amber lamp 
condition. The data can best be interpreted as indicating that contrast effects between he lamp and 
the vehicle are more pronounced for amber lamps than for clear ones. If amber were. chosen in a 
DRL concept because of the Figure 5-P 1 data, then the data in Figure 5- 12 suggest f !lat the lamp 
will be more conspicuous against a dark background than against a.highly reflective one. 

The interaction of background and separation is illustrated in Figure S-13. This interaction 
was not free of effects of group I because the color x background x separation interaction was used 
t 3 form one-half replicates of the total matrix. Group 1 was over-represented in the single-black 
z,nd dual-white conditions. This imbalance would have been corrected if group 1 had completed the 
,econd two block: of trials. Tn the right-hand section of Figure 5-13, effects of contrast between 
iamp and background dep<x??. or; whether single or dual lamps am used. With dual lamps, a black 
background results in a greater mean detection distance while a white background appears to be 
superior for a single lamp. i 

,- 
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6.0 TURN sIGNAL MASKING EXPERIMENT 
Turn signal masking by DRL lamps mounted adjacent to the turn signals was investigated. The 

probability of correct turn signal detection in the presence of DRL lampf was determined as a 
function of the following variables: 

l DRL. intensity at H-V 
l DRLlampa.r& 
l DRL lamp color - clear versus amber $ 

.* 
. viewing distance 
. s ambient $.lumination ,level . 

6.1 &&gl 
Lamps representing turn signals at 250 cd. were added to the DRL light bar described in 

Section 5.5. Turn signals were located adjacent to outboard DRL lamps and had amber lenses. 
Either no turn signal, the right turn signal or the left turn signal was presented in the presence of ‘he 
outboard DRL lamps under dayligl it conditions. Subjects viewed the test vehicle from $ controlled 
distance and reported whether there was no turn signal, a right turn signal or a left turn signal and 
rated the degree to which the DRL lamps were judged to interfere with the turn signal detection 
task. 
6.2 InaeDena(entVax-&& 

. 

Power model #817 lamps with amber lenses were used as turn signals. These were rrrounted 
outboard of the separated DRL lamps with separation of the turn signal center point to the edge of 
the luminous area of the DRL lamp of 2.75 in. The intensity of the turn signals was set to250 cd. 
The DRL lamps used were those described in Section 5.2. The intensity values were 500, IO00 / 
and 2000 cd. at K-V. Lamp areas of 50, 100 and 200 sq. cm. with amber or clear Lenses were ’ , 
used. Thus the treatment combinations employed in the turn signal masking experiment were those 
shown in Figure Sri for the dual separation condition and DRL intensities from 500 to 2000 cd. 

, . 
I Trials were run during daylight hours from about 11 AM to 4 PM during &vember. Ambient 

illumination was measured immediately following each trial using a Spectra model Fe-200 
i t photometer with a cosine corrected illuminance receptor. ‘j 
i 6.3 

i Eighteen DRL treatment combinations were presented with a turn signal operating. These were 
i composed of three levels of DRL intensity, three levels of lamp area and two levels of color - clear i 

or amber. An additional six trials were presented in which the DRL lamps w.ere turned on but the f 1 
! turn signal was not operating. The DRL, treatments used in the no turn signal trials were as , 
1 follows: 
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LamD Lamt>, 

z: 
clear 
amber 
clear 

:iE amber 

;iE 
CltXU- 
amber 

Ten subjects were randomly assigned to two groups. In group 1, right or left turn signal 
direction was selected at random for each of the 18 treartments in which a turn signal was operated. 
The direction was reversed for group 2. Thus if a certain DRI, treatment was presented with the right 
turn signal on for group 1, then the left turn signal was used for this treatment in group 2. The 24 
turn signal and no turn signal trials were presented to both groups at two distances - 250 and 500 ft. 
The order of presentation of treatments was randomized for each distance and group. 
6.4 J&&&g 

An unused parking lot in a business district under construction was used for data collection. 
Viewing distances from the subject to the test vehicle o!? 250 and 500 feet were used. Five subjects 
occupied & automobile at one end of the site, while the test car and experimenter were located at the 
other end facing the subject car. 
63 m /_ . ; 

The DRL light bar mounted on the front of the test vehicle as describedin Section 5.5 was used 
for the turn signal masking experiment. The DRL control circuit described in Section 5;5 was 
retained for selection of DRL lamp combinations and intensity. Turn signals were provided using the 
same lamp unit as the DRLs. TV n signal intensity was maintained at 250 cd. Only 1 G0 sq. cm. e 
amber lenses were used for the turn signal units, while amber and white lenses were used for the 
DRLs. A circuit box was constructed to control the turn signals. This included a variable resistor 
and volt meter to maintain a DC voltage corresponding to 250 cd., and a three position toggle switch 
to control left-right turn indication, along with an “off” position. A standard automobile flasher unit 
was used to control flash rate of the turn indication. The test car battery and alternator provided 
electrical power for both DRLs and turn inkators. 

A Spectra model FC-200 photometr’r with a cosine corrected illuminance probe was used to 
measure ambient lighting conditions at the time of each trial. Measurements were indicated in lux, 
with a potential range of 0 to 300,000. The photometer was located in the test vehicle with the probe 
on the roof so that it received direct sunlight. 

Two way communications were maintained between the test vehicle and the subject vehicle by 
means of CB radios. 

54 



Vision tests were-administered to test subjects at the Cat-low officein Merrifield, Virginia. 

Subjects were then transported to the test site. A standard set of instructions explaining the 
procedures was read and questions were answered by the experimenter.~ The 24 experimental trials 
were then administered at each distance. 
6.6.1 Vision Tests :, . . 

Two vision tests were applied to all subjects. Visual acuity was tested using a standard Snellen 
chart Contrast sensitivity was tested using the VISTECH Consultants Incorporated VCTS~6500 test. 
6.6.2 Instructions to Subjects 

A standard set of instructions was read to each group of subjects after arrival at the test site. 
These instructions directed the subjects to observe the test vehicle when told to by’the experimenter 
and to determine the presence or absence of a flashing turn signal. The turn signal was demonstrated 
to the subjects.. Subjects were instructed to ma& an individual data sheet with a “Right”, “Left” or 
“None” res,ponse and to indicate the degree to which they agreed with the statement “DRL makes turn 
signal more difficult to see.” on ‘a five-‘point scale. Following the written instructions, the 
experimenter answered any questions. .’ : ‘. _ I ” ,,. y 

6.6.3 T&am Prowhe 
The experimenter positioned the subject ‘vehicle at”a predetermined position and read the 

instructions to subjects. One subject was told to operate the hand held tknsceiver in the’subject 
vehicle during trials. The experimenter then drove the DRL test vehicle to a second location which 
established the viewing distance (250 or 500 ft.) and positioned it pointing at the front of the subject 
vehicle. The turn signals were then demonstrated to the subjects. 

Treatments in the turn signal masking experiment were the 24 combinations of levels of the 
independent v&bles and turn signal direction or absence. These were identified in the run schedule 

/ by the integers 1 to 24. The experimenter consulted the run schedule to determine the next trial and 
f 

I treatment number and consulted a treatment table using the treatment number This indicated levels of 
independent variables for each treatment and switch settings necessary to obtain these. The DRL 
lamp lenses were installed to obtain the correct color (amber or clear) and, if the lamp area for the next 
trial was 50 sq. cm., then masks were installed on the DRL lamps. 

Inside the vehicle, the driver set switches on the DRL control box according to the treatment 
table. Next the variable resistor was adjusted with the engine above idle speed so that the correct 
voltage across the DRL lamps was obtained. The voltage necessary for the desired intensity was 
given as a function of area and colorin the-treatment table. The DRL lamps were then turned off. 
The experimenter then announced ‘the next tiialnumber to the subjects via radio. When the subjects 
were ready, the DRL lamps and the right ‘or left turn signal (if any) were switched on for 10 seconds. 
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While the lamps were on, the experimenter monitored the DRL and turn signal voltages. The subjects 
were then imtructed to mark their data sheets for the trial and, while this was being’done, the 
experimenter read the photometer and recorded the ambient illumination levet 
6.7 &J&& 

Ten Carlow employees served as subjects in the turn signal masking experiment. All subjects 
were licensed drivers, had normal corrected or uncorrected acuity and fell within the normal range on 
the contrast sensitivity test. Subjects included five males and five females having the following age 
d’ stribution: 

c 25 
25 -35 z 

> 35 4 

6.8 l&g,& 
The turn signal masking data consisted of 480 dire&on or no turn signal responses and 307 

ratings of interference of the DRL lamps with the turn signal. These were subjected to multiple 
regression analyses and analysis of variance, The range of ambient illumination under whi,ch turn 
signal detection trials were run was 4900 to lOOOO0 lux with a rnee of 3 1135. lux. 
6.81 Probability of Correct Dete&on 

Subject responses, which were “right, turn signal “, “left turn signal” or “no turn si ;naY, were 
scored and converted to a variable which was equal to 1 if correct and,0 if in error., ,,vc~s, &his 
variable are equal to the probability of correct turn signal detection. The probability of correct 
variable was subjected to multiple regression analysis using the following variable coding: 

0 DRL intensity - 500,lOOO~ or 2000 cd. 

l lamp area - 50,100, or 200 sq. cm. 

0 DRL color 
- 0 =clear 
- l=amber 

e viewing distance - 250 or 500 ft. 

. ambient illumination m lux. 

The results of this analysis are shown in Table 6-‘1. The multiple correlation coefflcienc was found 
to be .299 with all independent variables listed above included in the model. Lamp ar:a, viewing 
distance and ambient illumination were found to have significant effects on turn signal detection 

. 
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performance. DRL intensity was not found to exert a main effect on detection perfckmance within 
the range of intensities studied here. 
The 360 trials run with a turn signal operating (right or left) constituted a factorial design. 
Therefore, these could be subjected to analysis of covariance with the effect of ambient illumination 
removed statistically. The 120 trials in which i~o turn sigrial was presented were deleted from this 
analysis. In the 360 right/left trials, the grand probability of correct detection was .8 11, the grand 
mean ambient illumination was 32232 lux and the regression coefficient for the effect of ambient 
illumination was -.oUOl. Therefore probability of correct turn signal detection adjusted to 

, 
I 

remove the general effect of ambient illumination was calculated as follows where P,dj is 

adjusted probability of correct detection, P is measured probability thereof and X is measured 
ambient illumination. 

P,dj = P - [-.OOOOOOl x (X - 32232)]- or: 

padj = P + .OOOOOOl X - .0032232 

The analysis of covariance of the adjusted probability measure is shown in Table 6-2. In terms 
of main effects, the Table 6-2 data are in agreement with the previous regression analysis in th;t ._. 
viewing distkce and lamp area were found to be significant at the .oOl level These main effects 
are shown in Figure 6-l. Correct turn signal detection probability decreased regularly with 

’ increasing DRL area and was markedly influenced by viewing distance. 
A number of interactions were found to be statistically significant at the .OOl level. These were 

area x color t intensity x area x color and distance x intensity x area x color. The interaction of 
lamp area and color is illustrated in Figure 6-2. For lamp areas in the range from 50 to 100 sq. 
cm., amber Da lamps appeared to produce greater masking~than did clear lamps. At the 200 sq. 
cm level of lamp area, however, this relationship was reversed. The 200 sq. cm clear condition is 
representative of a headlamp and this treatment produced a greater degree of masking than did the 

F- other area and color combinations. 
1 
i 
p 

The interaction of DRL intensity, area and color is illustrated in Figure 6-3. For 50 sq. cm. 
DRL lamps with clear lenses, detection performance declined as a function of ‘DRL area although 
the rate of decrease appeared to be less for the 1000 cd. condition than for the other intensity levels. 
For amber lamps, the decrease in probability with lamp area was less clear-cut. for 100 sq. cm. 
lamps, the 1OQO cd. intensity condition appeared to produce better detection performance than did 
the other intensity levels. For the 200 sq. cm. lamp area condition, decrements in probability of 
detection were in order of increasing lamp intensity. 
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Table 6-2. Analysis of Covariance of Adjusted 
Probability of Correct Turn Signal Detection 
From Right and Left Turn Signal Conditions 

Distance (!I) 1 
DRL intensity (I) 2 
Lamp Area (A) 2 
Lamp Color (C) 1 
Subjects 9 
DXl 2 
DxA 2 
DxC 1 
IxA 4 
IXC 2 
AxC 2 
DxlxA 4 
DxlxC 2 
DxAxC 2 
IxAxC 4 
DxlxAxC 4 
Residual (Error) 315 

Total 359 

3.48 
0.42 
1.15 
0.29 
7.82 

0.6 
0.46 
0.08 
0.47 
0.15 
1.14 
0.14 
0.48 
0.63 
1.72 
4.82 

34.31 

55.16 

3.480 31.950 
0.210 1.9h 
0.575, 5.279 
0.290 
0.869; 
0.300 
0.230 
0.080 
0.118 
0 -075 
0.570 
0.035 
0.240 
0.315 
0.430 
0.455 
0.109 

2.662 
7.977 
2.754 
2.112 
0.734. 
I.079 
0.689 
5.233 
0.321 
2.203 
2.892 
3.948 
4.177 

0.001 
0.250 
0.001 
0.250 

~0.250 

The interaction of distance, DRL intensity, area and color is illustrated in Figures 6-4 and 6-5. 
The data for the 250 foot distance are shown in Figure 6-4. For clear Lamps, performance 
decrements due to lamp area were found as a function of lamp intensity. For amber lamps, the 
decrement in performance associated with lamp area was noted only for the 2000 cd. intensity 
condition. The data for the 500 foot viewing distance are shown in Figure 6-5. A general trend 
toward greater decrements in detection probability with increasing lamp area appeared in the clear 
lamp data at 500 feet. For clear lamps at 500 feet, the decrement was greater for intensities of 500 
and 2000 cd. than for the 1000 cd. level. Amber lamps at 500 feet showed little evidence of :L 
general effect of lamp area. The primary differences occurred for the 100 sq. cm. lamp area with 
the 1000 cd. intensity level producing better performance than the other two levels. 
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6.8.2 Rating of Turn Sipal Detection Dificulty : 
The 480 trials in the turn signal detection experiment yielded 307 rating responses because 

subjects did not rate trials in which they judged that no turn signal @as present. The difficulty 
rating data were subjected to the same regression analysis ai was probability of correct detection. 
The results are shown in Table 6-3. The multiple cormlation between rating and the independent 
variables was fourid to be S55. All independent variables except distance had significant effects on 
rating. Howevcer, the rating results showed conspicuous lack of agreement with he detection 
performance results. Lamp color had a significant effect on ratings with amber judged to produce 
greater difficulty than clear. Ho:vever, the detection probability data did not support this. Viewing 
distance which was the major determinailt of detection performance did not produce a significant 
rating effect. 

The effects on mean rating of DRL intensity and lamp area which were both significant are 
shown in Figure 6-6. The mean rating of difficulty increased with both lamp area and DRL 
intensity. The lamp area effect on detection probability was also found to be significant but that of 
intensity was not. In view of the general disagreement between rating and detection probability 
results, further analysis of the rating data was not pursued. The probability of correct detection 
data represent performance while the ratings are subjective. The situation is somewhat similar to 
that reported by Rumar (1980) in which, amber lamps ‘were Jo&@ by observers to have greater 
conspicuity value than clear lamps but this effect was not supported by the detection m 
data. Since the rating data were found to be in considerable disagreement with the detection 
performance data, it was concluded that, for the case of turn signal masking, rating response data 
c’id not produce a valid criterion. The probability of correct detection data provide &preferred 
method for evaluation of masking effects. 

1, 
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7.0 REARVIEW MIRROR GLARE 
Glare produced at a vehicle rearview mirror by DRL lamps mounted behind the vehicle was 

investigated. Ratings of discomfort glare were used as one criterion and subjects were asked to 
indicate whether they would or would not flip the mirror to the reduced intensity position (dim the 
mirror) if they were driving the vehicle. The independent variables in the rearview mirror glare 
experiment were as follows: 

l DRL, intensity at H-V 
l . DRLlamparea 

4 
,. 

l DRL lamp color - clear versus amber 
* DRL separation - dual separated versus single center-mounted 

L 

l ambient illumination level. 
7.1M.ethDd 

Rearview mirror glare produced under dawn/dusk illumination conditions by a following, 
vehicle was, considered to represent a worst glare case because the distance involved could be a few 
tens of feet and the lamps would be seen at a central horizontal angle. The rearview mirror 
experiment was performed during the period from one half hour before sunset to one, half hour after 
sunset during November. Subjects were seated in the driver’s seat of the DRL test vehicle which 
was located in a parking lot and the DRL lamps were mounted on a tripod located 20 feet becnd the 
rear of the vehicle. Subjects observed the rearview mirror and rated the level of discomfort‘glare on 
‘the DeBoer scale @?erel, Olson, Sivak and Medlin, 1984) which is a nine point scale of discomfort 
glare which runs from 1 (unbearable) to 9 (just noticeable). Subjects were also asked if they would 
flip the mirror to the reduced intensity position if they experienced the level of glare while driving. 
7.2 

were those described in Section 5.2. The intensity values were 500, 
IO00 and 2060 cd. at H-V. Single center mounted and dual separated lamps with areas of 50,100 
and 200 sq. cm. and amber or clear lenses were used. Thus the treatment combinations employed I) 

in ?he rearview mirror glare experiment were those shown in Figure 5- 1 for DRL intensities from 
to 2000 cd. Trials were run during the period from one half hour before sunset to one half -. 

hour after sunset. Ambient illumination was measured immediately following each trial using a 
Spectra model FC-ZOO photometer with cosine corrected receptor. 
7.3 

Thirty-six treatment combinations were presented. These were composed of three levels of 
DW% intensity, three levels of lamp area, two levels of color - clear or amber and two levels of 
separation - single or dual. The clear and amber conditions were blocked with eighteen trials being 
presented under each condition. The assignment of clear or amber to the first or second block was 
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counterbalanced over subjects. Within a block, treaiments involving areas of 100 or 200 sq. cm. 

were randomly assigned to trials. The 50 sq. cm. treatments were grouped and the. order of 
presentation was randomized separately. The 50 sq. cm. group was then inserted at a randomly 
selected point in the general trial schedule. This randomization was done separately for each of the 
ten subjects. 
7.4 Test site 

The test vehicle used during the vehicle detection and turn signal masking experiments was also’ 
used during the rearview ,mirror glare experiment. The DRL lamps were mounted on a tripod 20 
feet behind the rear of the car. The vehicle was parked in a parking lot for data collection. Subjects 
were seated in the driver’s position and the experimenter sat in the front passenger seat, &trolling 
DRL configuration and directing the subject to respond to each. 
7.5 A 

The DRL light bar described in Section 5.5 was used for the rearview mirror glare experirhent. 
This was mounted on a tripod located 20 ft. behind the test vehicle and was powered from the ’ 
vehicle using extension cables. The lamp center point was mounted at a height of four feet which 
was the height of the rearview mirror and approximated a typical eye height for a person seated in 4 
the vehicle. The DRL control circuit described in Section 5.5 was retained for selection of DRL 
lamp combinations and intensity. The test car battery and alternator pro&d& electrical power for 
the DRL lamps. A Spectra model FC-200 photometer with a cosine corrected illuminance probe 
was used to measure ambient lighting conditions at the time of each trial. Measurements were 
indicated in lux, with a potential range of 0 to 300,000. The photometer was located in the test 
vehicle with the probe on the roof. 
7.6 

Vision tests were administered to test subjects at the Carlow office in Merrifield, Virginia. A 
standard set of instructions explaining the procedures was read and questions were answered by the 
experimenter. The 36 experimental trials were then administered. 
7.6.1 Vision Tests 

Two vision tests were applied to all subjects. Visual acuity was tested using a stidard Snellen 
chart. Contrast sen&ivit$ was tested using the VISTECH Consultants &co&rated VCTS 6500 
test. 
7.6.2 Instructions to Subjects 

A standard set of instructions was read to each subject. These instructions directed the subjects 
to observe the re:enriew mirror when told to by the experimenter and to judge the, degree of glare 
produced. The &Boer scale for glare judgments was posted in the test vehicle and cotild be 
referred to by subjects as necessary. 
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7.6.3 Trial Procedure , 

Treatments in the rearview mirror glare experiment were the 36 combinations of levels of the 
independent variables. These were identified in the run schedule by the integers 1 to 36. The 
experimenter consulted the run schedule to determine the next trial and treatment number and 
consulted a treatment table using the treatment number. This indicated .levels of independent 
variables for each treatment and the switch settings necessary to obtain these. The DRL lamp - 
lenses were installed to obtain the correct color (amber or clear) and, if the lamp area for the next 

4 

trial was 50 sq. cm., then masks were installed on the DRL lamps. 
Inside the vehicle, the experimenter set switches on .the DRL control box according to the 

. treatment table. Next the variable resistor was adjusted with the engine. above idle speed so that the 
correct voltage across the DRL lamps was obtained. The voltage necessary for the desired intensity 
was given as a function of area and color in the treatment .table. While the lamps were on, the 
experimenter monitored the DRL voltage. The subject was then asked for his/her rating and mirror 
response. The experimenter recorded these and then read the photometer and recorded the ambient 
illumination level. _I 
7.7 

Ten Carlow employas served as subjects in the rearview mirror glare experiment. All 
subjects were licensed drivers, had normal corrected or uncorrected acuity and fell within the 
normal range on the contrast sensitivity test. Subjects included six males and four females having 
the following age distribution: 

JG32 Number 
/ 

‘<25 
25 -35 .z 

> 35 5 

L 
7.8 

The xwr-view mirror glare data consisted of 360 DeBoer scale ratings and mirror dimming 
responses. These were subjected to multiple regression analysis and analysis of variance. The 

e of ambient illumination under which rearview mirror glare trials were run was 1 to 7000 lux 
a mean of 685 lux. 

~~corn~~~~ Glari Rating 
The discomfort glare ratings ranged from 1 to 9. These were subjected to multiple regression 

analysis using the following variable coding: 



. DRL intensity - 500, 1000 or 2000 cd. 

. lamp area - 50, 100 or 200 sq. cm. 

. lamp color 
- 0 = clear 

1 = amber 

. DRL separation 
- 0 = single center mounted 

1 = dual separated 

. ambient illumination in lux. 

. 

The results of this analysis are shown in Table 7-l. None of the independent variables was 
found to exert a significant influence on rating and the total F-ratio test for the regression reached 
only the 0.387 level of significance. 

Since the regression analysis of the rating data did not show a significant effect of ambient 
illumination, an analysis of variance was conductedusing the rating data directly without an 
adjustment for ambient illumination. The results of this analysis are shown in Table 7-2. The 
assumptions were the same as those for the detection distance analysis. The interactions with 
subjects were pooled to form the error term. The main effect of DRL intensity was found to be 
significant at the 0.001 level and the main effects of DRL area and separation were found to reach 
the 0.05 level. The analysis of variance had somewhat ,greater power than did the regression , 
analysis due to the removal of the subject main effect from the error term. 

The main effects of DRL intensity, DRL area and separation are shown in Figure 7-l. 
Variation in the mean rating as a function of DRL intensity was found to be considerabIe T the mean 
rating varying from the “satisfactory” range for 500 cd. to thei”disturbing” range for 2000 cd. 
Smaller quantitative effects of DRL, area and separation were found. The 200 sq. cm. condition 
appeared to result in slightly greater glare than did the 50 ‘and 100 sq. cm. conditions. Similarly, 
dual Iamps were rated as producing slightly greater glare than a single DRL lamp. This effect was 
presumably due &Q the greater total intensity at the mirror resulting from the dual DRL condition. 

The DeBoer glare rating scheme was treated as a numerical scale yielding at least interval data 
in performing regression analysis and analysis of variance. Since it is difficult to be sure that such 
rating data constitute a true interval scale, this approach may not be entirely appropriate. Therefore 
frequency distributions were obtained for the possible responses on the DeBoer scale (the integers 
from 1 to 9) for each level of DRL intensity. These distributions are shown in Figure 7-2. 
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Table 7-2. Table 7-2. Analysis of Vaiiance of Discomfort Glare Rating Analysis of Vaiiance of Discomfort Glare Rating 

_.*,, .,._. - 
5s MS E Alpha 

589.210 294.605 137.135 0.001 
13.350 6.675 3.107 0.050 

0.010 0.010 0.005 -- 
10.000 10.000 4.655 c .050 

113.8.90 12.654 5.890 - 
9.120 2.280 1.061 
4.220 2.110 0.982 >0.250, -' 
5.220 2.610 1.215 >0.250 
4.970 2.485 1 .I 57 >O.z?50 
0.890 0.445 0.207 i 
0.~00 0.400 0.186 - 
4.910 I.228 0.571 -r 
2.800 0.700 0.326 - 
8.510 4.255 I .981 0.250 
0.010 0.005 0.002 - 
0.570 0.143 0.066 - 

676.710 2.448 - - 

DRL Intensity (I) 
Lamp Area (A) 
Lamp Color (C) 
Separation (0) 
Subjects 
IxA 
IXC 
1x0 
AxC 
AxD 
CxD 
IxAxC 
IxAxD 
IXCXD 
AxCxD 
IxAxCxD 
Residual (Error) 

Total 

2 
2 
1 
1 
9 
4 
2 
2 
2 
2 
4 
4 
4 
2 
2 
4 

315 

359 1444.790 - - - 
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a nction of DRL Intensity 

The modal response to the three levels of DRL intensity were as follows: ‘ 
. 500 cd. - 7 (satisfactory) 
. 1000 cd - 5 (just admissible) 
l 2OOOcd. - 3 (disturbing) 

The rating data suggest that, for the case involving minimum distance of a following vehicle studied 
here, a DRL intensity of 500 cd. seen by the driver via the rearview mirror does not present a 
serious glare problem while the 2000 cd. level certainly does. The 1000 cd. level appears to 
represent a marginal degree of discomrkt glare. 

.2 Probability of Mirrros Dinming Response 
The mirror dimming response was “yes” or “no” to the question “Would you dim the mirror if 

you were driving?‘. This was coded for analysis as 0 = no and 1 = yes. A mean of this variable 
is, therefore, the probability of a mirror dimming response. The mirror dimming response variable 
was subjected to the same regression analysis as was the discomfort glare rating. The results are 
shown in Table 7-3. DRL intensity was found to be significant beyond the 0.001 level and the 
effect of ambient illumination exceeded the 0.05 level. The analysis of variance for the total 
regression relationship was found to be significant at the .OOl level. Since the effect of ambient 
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illumination on the probability of rearview mirror dimming response was found to be significant, 
an analysis of covariance was carried out in which the data were adjusted for the effect of ambient 
illumination as was done in, the case of vehicle detection distance. The grand probability of 
rearview mirror dimming in the data sample was .439, the grand mean ambierk illumination was 
685 lux and the regression coefficient for the effect of ambient illumination was .0000377. 
Therefore, probability of rearview mirror dimming response adjusted to remove the general effect 

of ambient illumination was calculated as follows where P a 1 de is adjusted probability of dimming 
” 

response, P is measured probability thereof and X is measured ambient illumination: 

padj = P - [.0000377 x (X. - 685)] 
or: 

vadj = P - .0000377 X + .0258 

The analysis of covariance of the adjusted probability measure is shown in Table 7-4. The results 
of this analysis are in agreement with the pievious regression analysis in that the DRL intensity 
effect was the only one which reached statistical significance. The effect of DRL intensity is 
illustrated in Figure 7-3. Mirr& dimming response probability adjusted for effect;, of timbient 
illumiriation was found to increase rege:” .’ -- a function of DR?L. intensity in the range from 500 to 
2000 cd. 
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Multiple Regression Analysis af Probability 
of Rearview Mirror Dimming Response 

Maaltiple Rec!ression of Probability of R~ar~i~~~~ Mirror Dimming Rqxnse 
N = 360 
R= ,543 

lnd~p~nd~~~ 
Variable 

Ray Score 
Coefficient 

Constant 
Intensity 
Area 
Color 
Separation 
Ambient 

-0.128 
co.oo1 
0.001 

-0.052 
0.030 

<O.OOl 

Sta.ndardized 
Coefficient 

a- 

0.000 
0.528 
0.064 

-0.053 
0.030 
0.096 

T 
Statistic 

Alpha 
Level 

-1.765 
11.827 

1.483 
-1.182 

0.682 
2.184 

0.078 
co.001 
0.151 
0.238 
0.496 
0.030 

Analysis of Variance 

Source 
Sum of DE3gr&%3 

of Freedom F-Ratio 
Alpha 
Level 

Regression 26,104 5 29.546 co.001 
Residual 62.552 354 ----- ----- 



Table 7-4. Analysis of Covariance 6f Adjked Prhbability 
of Rearview Mirror Dimming Response c 

df ss MS E AL! 

DRL Intensity (I) 
Lamp Area (A) 
Lamp Color (C) 
Separation (0) 
Subjects 
IXA 
ixc 
IxD 
AxC 

X5 

CxD 
IXAXC 
IxAxD 
IXCXD 

'AxCxD 
lxAxCx5 
Residual (W-or) 

2 
2 
1 
1 
9 
4 
2 
2 
2 
2 
1 
4 
4 
2 
2 
4 

315 

24.950 
0.280 
0.350 
0.050 

10.600 
0.600 
Q-020 
0.170 
0.010 
0.120 
0.000 
0.730 
0.330 
0.440 
0.060 
0.600 

48.630 

12.475 
0.140 
0.350 
0.050 
1.178 
0.150 
0.010 
0.085 
0.005 
0.060 
0.000 
0.183 
0.083 
0.220 
0.030 
0.150 
0.154 

80.807 
0.907 
2.267 
0.324 
7.629 
0.972 
0.065 
0.551 
0.032 
0.389 
0.000 
1,.-l 82 
0.534 
1.425 
0.194 
0.972 

0.001 

0.250 
-- 

>0.250 

0.250 

359 87.940 - - - 
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3.0 CONCLUSIONS AND RECQM MENDATIONS 
DRL intensity has emerged as the primary determinant of DRL conspicuity in the studies 

conducted here. The intensity at H-V interacts with ambient illumination as was suggested by 
Horberg and Rumar (1979). DRL intensities below 500 cd. appear to produce detection distance 
improvements at lower ambient illumination (14000 to 41912 lux in the current study). At higher 
ambient levels (41912 to 94000 lux), however, these lower intensities appear to produce lktle 
improvement. The other DRL design parameters investigated were found to have less impact on 
observer performance. 
8.1 

The vehicle detection results suggest that depending on ambient illumination level, DRL center 
intensities below 500 cd. may not produce much detection distance improvement. Across ambient 
illumination levels, improvement in vehicle detection distance was found to result from the higher 
DRL intensity levels of loo0 and 2000 cd. Improvement in detection distance for the 250 to 500 
cd. intensity levels was largely confined to lower ambient illumination conditions as was suggested 
by Horberg and Rumar (1979). The data from the current vehicle detection experiment are 
compared with the Horberg and Rumar (1979) data in Figure 8-l. The solid data points in Figure 
8-1 represent the 30 degree peripheral angle detection data from Figure 2 in Horberg and Run-m 
(1979). The unfilled data points were taken from Figure 5-9 for all data across levels of ambient 
illumination. The range of ambient illumination was from 3000 to 6000 lux for the’Horberg and 
Rumar data and from 14000 to 91, lux with a mean of41912 luxin the current vehicle detection 
experiment. The Horberg and Rumar data showed an increase in detection data between the 400 
cd. condition and the lower intensities while this increase was not found in the current data. It 
appeats that the difference in ambient illumination is responsible because tl re Figure 8- 1 data have 
some features in common with the ambient light comparisons in Figure 5-10. In both cases, there 
is a range of low DRL intensities which produce no apparent increment in 2etection distance an2 
then a notable improvement at some intermediate level. The characteristic intensity at which 
improvement is first noted appears to depend on the ambient illumination level. For the Horberg 
and Rumar data, no improvement was noted for DRL intensities in the 50 to 650 cd. range. Under 
their fairly low illumination levels, improvement was noted for the 400 cd. condition. Under the 
higher illumination typical of the current vehicle detection experiment, this “threshold“ point 
occurred above 5@3 cd. Assuming that the ambient illumination observed during the vehicle 
detection experiment is characteristic of the U.S. (or, at least, is more representative than the levels 
observed by Ho&erg a~2 Rumar] then the evidence seems to favor a DRL intensity in the 1000 to 
2000 cd. range under ambient illumination conditions typical in the U.S. 
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G- Vehicle Detection Expwiment 
Ambient Illumination = 
14000-94OOOlux 

300. 
0 500 1000 1500 2006) 

DRL Intznsity (cd.) 

Figure 8-l. Comparison of Results of Hot-berg and Rumar 
(1979) with Results of Vehicle Detection 
Experim snt 

If the central intensity of DRL in the US. should be on the order of 2000 cd for improved 
time vehicle detection distanx, the question remains of an acceptable distribution at horizontal 

and vertical angles around the center. An approach to determining a recommended D&Z beam 
pattern was presented by Kirkpatrick, Heasly and Bathurst (1984). These authors devdopcd a’ 
model of vehicle conflict in whch a DRL equipped vehicle was conceived of as moving along a 
main roadway and having the right-of-way. A second vehicle was assumed to be approaching the 
main roadway at low speed at a right angle intersection having traffic control (such as a stop sign). 
Presumably, the first driver who has the right-of-way would not greatly alter speed or heading 

1 

Y 

because of detection of the second vehicle. The second driver, however,,would be faced with a 
choice of whether to enter the intersection so that timely detection of the first vehicle will be critical. 
In this scenario, the likelihood of a crash given that the second driver fa& to detect the DRL : 

equipped vehicle will depend on the initial positions and velocities of the two vehicles. These were 
partially parameter&d using a horizontal angle between the centerline of the DRL, vehicle and the 
line of sight from the DRL vehicle to the approaching second vehicle. 

The model calculated a figure of merit for a range of the above horizontal angle. This depended 
on whether a vehiccle seen at the given angle would generate a crash if its driver did not react and on 
the square of the distance to an approaching vehicle seen at this angle. The model was run using 
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three scenarios - vehicle crossing from left, vehicle approaching in opposite direction and vehicle 
crossing from right. The model was run over plausible ranges of initial positions, initial speeds 
and roadway/intersection dimensions. Figures of merit for line of sight angles to the approaching 
vehicle were calculated for each of the three scenarios’ and were then combined using equal 
weighting. The results of this analysis are presented in Figure 8-2. 

The angle shown on the X axis in Figure 8-2 is seen from the DRL eaeipned vehicle. Negative 
angles are to the left as the DRL vehicle driver would see them and positive, angles are to the right, 
The figure of merit was normalized relative to the maximum value obtained which was at -10 * 
degrees. The large spike centered at -10 degrees is the result of the crossing from left and 
oncoming scenarios. The secondary spike centered at about 15 degrees is due to the crossing from r 

right scenario. To the extent that the assumptions made by Kirkpatrick et. al. (1984) are 
representative of vehicle conflicts, the figure of merit in Figure 8-2 should approximate the relative 
benefit of DRL intensity emitted in the direction given by the angles shown. On this notion, it 
seems reasonable to assert that the DRL horizontal beam pattern should show an intensity which is 
proportional to the figure of merit at a given horizontal angle. 

To facilitate calculation of such a beam pattern, the Figure 8-2 data were smoothed somewhat 
using linear segments. The modified figure of merit function is shown in Figure 8-3 by unfilled 
data points. The solid data points show the Figure 8-2 data for reference purposes. Based on the 
vehicle detection data and on the Kirkpatrick et. al. (1984) figure of merit, it is suggested that a 
DRL lamp have a maximum intensity of 2000 cd. at -10 degrees and intensities at other angles 
which are the products of 2OQO cd. and the figure of merit from Figure 8-31’ This horizontal pattern ../LU, .A .a, 

would be provided in the horizontal plane ahead of the DRL lamp. 
The intensity pattern above the horizontal should probably be limited based on the rearview 

mirror glare data. The vertical viewing angle from a DRL lamp to the rearview.mirror of a lead ’ 
vehicle depends on the heights of the lamb and mirror and on the lead distance. The mirror and 
lamp height dimensions will obyriously vary between vehicles. Relevant dimensions of the test 
vehicle used in the current experiments (a Ford Escort) were taken as representative. F&this 
vehicle, the turn signals are centered about 25 inches above the ground and the rearview minor is d 
centered about 48 inches above the ground. The distance from the rearview mirror to the rear of the 
vehicle is 8 feet. It is assumed that DRL lamps would be located at about the same height as the 
turn signals. In the rearview mirror glare experiment, the lamps were located 20 feet behind-the L 
rear of the,car. If DRL lamps were mounted at the assumed height of 25 inches and located 28 feet 
behind the mirror, then the vertical angle from the center of the DRL lamp to the mirror would be 
approximately 3.9 degrees. At this vertical angle, the DRL intensity should be limited by the 
rearview mirror glare experiment data In terins of rating of discomfbt gla.% shown in Figure 7-1, 
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the 500 cd. intensity condition produced a mean value in the satisfactory range while the lm cd. 
and 2000 cd. produced mean values corresponding te just admissible and disturbing respectively. 
The effect of DRL intensity on the probability of mirror dimming is shown in Figure 7-3. This was 
found to increase from .13 at 500 cd. to about .78 at 2000 cd. Thus, both me~ures.provi& 
evidence of increasing discomfort glare above 500 cd. 

The rearview mirror results only apply to the viewing distance used in the experiment. This 
was selected to approximate a worst case following distance. Clearly, for greater following 
distances glare will diminish rapidly because of the inverse square law. Assuming the rearview 
mirror experiment to represent a minimum following distance, it would apl&r desirable to limit 
DRL intensity at 3.9 degrees above horizontal to 500 cd to minimize discomfort glare and the need 
for mirror dimming. The practice of specifying beam patterns in 5 degree increments, however, 
will be accepted here and it is proposed that the maximum DIU intensity at 5 degrees up be 500 cd. 
The same limit was taken as acceptable at 5 degrees down although this parameter is really not 
impacted by the study findings. 

A recommended beam pattern based on the above considerations is shown in Table 8-1. In 
Table 8-l the maximum intensities are located at 10 degrees left. These values are 2000 cd. at the 
horizontal (II) position and 500 cd. at 5 degrees above and below. Intensities at hoti zontal angles 

I axe products of the maximum for the row at 10 degrees left and the smoothed figure ( )f merit from 
Figure 8-3. It would be desirable.to have the intensity be uniform across horizontal angles at which 
the figure of merit is not zero (40 degrees left to 40 degrees right). Since this is impractical, 
however, the figure of merit approach has been suggested as a means of deriving design target 
in~tensity values. The beam suggested in Table 8-3 is certainly a “wide” one. It should not, 
h zwever, represent an engineering impossibility. Measured intensities on the order of 50 percent 
of maximum at 20 to 30 degrees off center and on the order of 10 percent of maximum at 40 to 45 
degrees off center were reported for selected vehicle turn signal/parking larn~ units by Kirkpatrick 
ct. al. (1984). Application of the figure of merit approach yields intensities less than 500 cd. at 
horizontal angles beyond 35 degrees left and right in the horizontal plane. This may not be of much 
practical benefit because the vehicle detection results did not show much improvement below 500 
cd It may be preferable to provide 500 cd. out to about 35 degrees left and’iight rather than spread 
the beam in the periphery as is suggested in Table g-l. 

The beam suggested in Table 8-1, although “wide”, is not very “tall”. The Swedish DRL 
standard shown in Figure 3-l specifies minimums at.10 degrees above and below horizontal. While 
some beam “heigk,t” is certainly required to allow for aiming errors and hills, it is believed that a 
beam which is not much more than 10 degrees “tall” can probably accommodate these 
considerations. The vertical dimension subtended by a 10 degree beam at a characteristic detection 
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Table 8-l. Recommended DRL Intensity and Beam Pattern. 

Horizontal Angie From DRL 
Equipped Vehicle (deg.) 

Horizontal and 



distance such as 600 feet is on the on the order of 100 feet. It would seem that light etiergy emitted 
at larger vertical angles than this would be better applied if it were concentrated at the smaller 
vertical angles. 

It is suggested that the intensities given for the 5 degree up vertical angle le taken as minimums 
with the exception of the peak at 10 degrees left. 500 cd. is considered to be a limit at any 
horizontal angle in the 5 degree up low. The intensities at the horizontal position should be 
considered minimums. If greater intensity can be maintained in the periphery, this is probably 
desirable. If intensities in the 5 degree down row can be increased above those shown without loss 
in the horizontal plane, this is also desirable. The 5 degree down values in Table 8-l are not 
constrained by’ the current study. These were chosen largely on the assumption that loss of 
intensity in the vertical direction will probably be necessary to maintain the “wide” beam suggested 
here. 
8.2 

center mounted lamp versus dual separated lamps were evaluated in the 
vehicle detection and rearview mirror glare experiments. In terms of vehicle detection distance, the 
mean for the; single lamp condition was found to be 647 feet while that for dual lamps was 674 
feet. This di.fference was found to be significant at the .Wl level in the analysis of covariance 
shown in Table 5-5. The separation effect was not found to be significant in the detection distance 
regression analysis shown in Table 5-2. This difference is probably due to the greater power of the 
analysis of covariance relative to the regression analysis. In the former, the main effect of subjects 
and the two-way interactions of independent variables were removed from the error term while, in 
the lattei these sources were included in the errror term. 

This finding would appear to argue for dual rather than single DRL lamps. It sho noted, 
however, #Aat comparison of the dual and single lamp conditions also involved differences in 
intensity. As discussed in Sect :on 5.2, the DRL intensity variable was implemented on a 
basis. Fsr a given intensity le\ el, such as 1000 cd., the single center-moun CO+itiOlll hQOh’&d 

one such lamp while the dual :cndition involved two. If DRL intensity were taken as the total 
1 urninous intensity emitted from the front of the vehicle, then the levels would be doubled for the 
dual condition relative to the single center-mounted one. Adjustecl detection distance data were 
plotted in this fashion in Figure 8-4 where the intensity levels for the single lamp condition are the 
nominal ones (25Q,500,1000 and 2000 cd.). The corresponding levels for the dual condition are 
500, 1000, 2000 and 4000 cd. The slopes of the functions representing the two separation 
conditions appear to be quite similar and this suggests tkat a single lamp implementation would 
probably be about as effective as a dual one if total intensity were equated. Nevertheless, there may 
be other factors which support the dual DRL approach. For one thing, two.separated lamps define 
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a dimension to the observer. The rate of change of visual angle subtended b$ an approaching 
object depends, among other things, on : he size of the object and is a perceptual cue to the speed of 
approach. The DRL separation dimension could therefore serve as a cue to the speed of an 
approaching vehicle. This dimension would not be available if a singIe centered DRL were used. 
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Figure 8-4. Mean Adjusted Vehicle Detection Disksace 
as 3 Function of DRL Intes.&ity and Lamp 
Separation - Analysis of C:wariance D&a 
Frem Non-Zero Intensity Treatments and 
Subject Groups I-4 

Dual DRL lamps were found to produce a slightly worse d@comfort glare rating than did a 
c single lamp (P<.OS). It should be kept in mind that this effect resulted from the analysis of 

variance data in which intensity was treated on a per lamp basis. No significant effect of separation 
on probability of rearview mirror dimming was detected. As shown in Figure 7-1, the impact of 
separation on mean discomfort glare rating is much smaller than is that of DRL intensity. It is 

I 
suggested that limitation of DIQL’intensity at 5 degrees up as discussed in Section 8.2 will 

- effectively minimize discomfort glare due to dual DRL lamps. 
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Effects of amber and clear lamps with area in the range from 50 to 200 sq. cm. were studied in 
all the experiments conducted here. The significant effects identified were mainly interactions 

between lamp area and color so these are discussed together. 
Lamp area was not found to exert a significant main effect on mean vehicle detecion distance 

but did interact with lamp color. The Figure 5-l 1 data for subject groups 2-4 show that for D& 
lamp areas in the 50 to 100 sq. cm. range, the amber lamp condition produced greater average 
detection distances than did the clear condition. This diffekence in mean detection diffeknce for 
amber versus clear lamps having areas of 50 to 100 sq. cm. was found to be significant at the .Ol 
level using a Scheffe test. Thus, an amber color would be recommended over clear for DRL lamps 

in this size range which encompasses typical parking, turn signal and fog lamps. The interaction of 
area and color was due largely to the contrast between the 50 to 100 sq. cm. conditions and the 200 
sq. cm. condition. The latter is a characteristic area for a single headlamp. The IQ&re 5-l 1 data 
strongly favor a clear lamp at this size level. In any event, it is not obvious how the amber 200 sq. 
cm. case could be implemented short of producing an amber headlamp. 

Lamp area produced sev(:ral complex effects on the degree of turn signal masking resulting 
from an adjacent DRL as measured by the probability of coL?zct turn sig+ &etkction. The main 
effect Of lamp area as shown in Figure 6-l was significant at the ,001 level and consisted of a 
&ular decrease in probability of correct turn signal detection as area increased from 50 to 200 sq. 
cm. This effect was also found to depend’on viewing distance and lamp color and to interact with 
DRL intensity. The interaction effects as shown in Figures 6-3 to 6-5 involved a fairly regular 
decrease in probability of correct detection with increasing lamp area and’increasing D&X, intensity. 
For the amber lamp condition, the interaction effects were somewhat more complicauk!,, Amber 
lamps having arcas greater than 50 sq. cm. produced decrements in probability of correct detection 
and the magnitudes of these depended on intensity and viewing distance. The ratings of turn signal 
diflkulty were in agreement with the detection probability data as regards the effect of lamp area. 
The mean difficulty rating showed a regular and statistically significant increase with increasing 
lamp area. 

The minimal turn sig,nal intensity and separation from the DRL used here were intended to 
represent a worst case. ,Under these conditions, an argument could be made that if amber DRL 
lenses are used (based on the conspicuity results), then the area should be limited to 50 sq. cm. to 
avoid turn signal masking. A more practical approach, however, would seem to involve increasing 
the DRL to turn signal separation and/or increasing turn signal intensity. An implementation using 
the turn signals as DRL when they are not activated as turn signals would solve the problem as 
would turning off t;“e DRL when the turn signal is activated. 

88 



I 

i 

In general, the greatest degrees of turn signal masking were associated with 200 q. cm lamps 
having an intensity of 2000 cd. This may argue against the use of headlamps as DRL although, the 
negative consequences of larger DRL area reported here can probably be avoided simply by 
increasing the separation between the DRL lamp and the turn signal. 

The main effect of lamp area on mean discomfort glare rating in the rearview mirror glare 
experiment was found to be significant at the 0.05 level. As shown in Figure 7-1, this effect was 
due to the 200 sq. cm. area condition which produced a less favorable mean rating in comparison 
with the smaller areas which were judged to be equal. The lamp area effect on perceived gIare was 
not supported by the probability of mirror dimming data and no significant effect of lamp color was 

s identified in the rear mirror glare experiment. 

g4DRL 
The main effect of background color on vehicle detection distance was not found to reach 

statistical sisnificancc. Background color did, however, interact significantly with lamp color and 
separation. The background by lamp color interaction shown in Figure 5-12 for subject groups 2-4 
was due to the fact that a black background produced greater detection distances than did a white 
one but only for amber lamps. If amber lamps are selected, provision for a darker background 
would appear to be worthwhile. If clear DRL lamps are used, the data suggest that the background 
wiIl make little difference. 

The data generally supported the notion that lamp intensity rather than luminance is the factor 
which drives conspicuity. Lamp luminance as defined for purposes of the current study is the ratio 
of total intensity to area (i.e. cd. per sq. cm.). If this were the effective stimulus property in 
determining conspicuity, then area and intensity should have shown strong interactions. In fact, 
however, the area x intensity interaction was not found to reach statistical significance in any of the 
experiments. 
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